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ACRONYMS AND ABBREVIATIONS

AF/yr -- acre-feet per year
AL -- Action Level o

BASMAA -- Bay Area Stormwater Management Agencies Association
BAT -- Best Available Technology
BMP -- Best Management Practice
Br-- bromide
Br" -- precursor bromide

CEQA -- California Environmental Quality Act
CI m chloride
CI’~ precursor chloride
CMARP m Comprehensive Monitoring, Assessment and Research Program
CMP-- Coordinated Monitoring Program
CCWD -- Contra Costa Water District
CDC -- Centers for Disease Control
C-FOG -- California-Federal Operations Group
Corps -- U.S. Army Corps of Engineers
CLrvVA- California Urban Water Agencies
CVP ~ Central Valley Project
CVPIA -- Central Valley Project Improvement Act
CVRWQCB ~ Central Valley Regional Water Quality Control Board
CWA m    Clean Water Act

DBP -- disinfection byproduct
DCC -- Delta Cross Channel
D/DBPR-- Disinfectant/Disinfection Byproducts Rule
DFG ~ California Department of Fish and Game
DHS -- California Department of Health Services
DIDI -- Delta Island Drainage Investigations Program
DO ~ dissolved oxygen
DOC -- dissolved organic carbon
DWR -- California Department of Water Resources

EC -- electrical conductivity
EIR ~ Environmental Impact Report
EIS -- Environmental Impact Statement
EPA w U.S. Environmental Protection Agency
ESA -- Endangered Species Act (federal)
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ESWTR B Enhanced Surface Water Treatment Rule

IDHAMP m Interagency Delta Health Aspects Monitoring Program
IEP m Interagency Ecological Program
IOC B inorganic chemical

ISDP ~ Interim South Delta Water Management Program
¯ IPM -- Integrated Pest Management

MCL -- Maximum Contaminant Level
MCLG -- Maximum Contaminant Level Goal
medl -- milliequivalents per liter
mg/l ~ milligrams per liter
M&I -- municipal and industrial
mmho/em ~ millimoles per centimeter
mS/crn- millisiemens per centimeter
MPN m Most Probable Number
MWD -- Metropolitan Water District of Southern California
MWQI -- Municipal Water Quality Investigations Program

NAS -- National Academy of Sciences
NEPA -- National Environmental Policy Act
NMFS -- National Marine Fisheries Service
NPDES m National Pollutant Elimination System
NSDWR-- National Secondary Drinking Water Regulations
NTU ~ Nephelimetdc Turbidity Units

o/oo -- used for portraying salinity in parts per thousand (ppt)

PAP -- Polymer Addition Practices
PCB -- polychlorinated biphenyl
pg B picogram
POTW -- Publicly Owned Treatment Works
ppm ~ parts per million
ppt m parts per thousand

Reclamation -- U.S. Bureau of Reclamation
RWQCB -- Regional Water Quality Control Board
SAR -- sodium absorption ratio
SDWA -- Safe Drinking Water Act

" SFEI ~ San Francisco Estuary Institute
SMWP -- State Mussel Watch Program
SOC -- synthetic organic chemical
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SRWTP m Sacramento River Water Treatment Plant
SS -- suspended solids
SWAP m Source Water Assessment Program
SWP m State Water Project
SWPPP -- Storm Water Pollution Prevention Plan

¯
SWRCB ~ State Water Resources ControlBoard
SWTR -- Surface Water Treatment Rule

TI)S ~ Total Dissolved Solids
TFPC -- trihalomethane formation potential carbon
THM -- trihalomethane

TIE m Toxicity Identification Evaluation
TMDL ~ total maximum daily load
TSMP-- Toxic Substances Monitoring Program
TTHM -- total trihalomethane

lag/! -- micrograms per liter
laS/crn -- microsiemens per centimeter

USGS -- U.S. Geological Survey
USEPA -- U.S. Environmental Protection Agency
USFWS ~ U.S. Fish and Wildlife Service

VOC -- volatile organic chemical

WDR ~ Waste Discharge Requirement
WQN -- National Water Quality Monitoring Network
WQCP -- Water Quality Control Plan
WQP -- Water Quality Program

x2 -- position of the 2-parts-per-thousand (2 ppt) salinity gradient
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EXECUTIVE SUMMARY

ES.1 INTRODUCTION

The mission of the CALFED Bay-Delta Program is to develop a long-term comprehensive plan
¯ that will restore ecosystem health and improve water management for beneficial uses in the Bay-

Delta system. In resolving the water quality problems of the Delta, CALFED may undertake
actions in areas outside of the Delta which contribute to Delta water quality problems.

The purpose of this document is to provide a description of the affected environment for
resources associated with water quality in the CALFED geographic focus. This document, in
conjunction with data and modeling being developed, reflects a level of detail appropriate for a
programmatic level of environmental review. The affected environment for water quality is
described in terms of water quality parameters of concern, regulatory context, and historical and
existing water quality conditions for the study area. The historical and existing conditions are
described for each of the following five regions within the study area, as applicable.

¯ Delta Region
¯ Bay Region
¯ Sacramento River Basin
¯ San Joaquin River Basin
¯ State Water Project and Central Valley Project Service Areas

ES.I.1 Water Quality Parameters of Concerns

As a part of the CALFED Water Quality Program, a group of representative stakeholders known
as the CALFED Water Quality Technical Group, with public input, identified the source water
quality requirements of the various beneficial water uses: environmental, urban (including
municipal, industry, and recreation), and agricultural water users. Water quality parameters were
identified by the group that were of"concem" to their respective beneficial use of water.

The parameters of concern to the beneficial uses of water are listed in Table ES. 1, on the next
page. This list of parameters may change over time in response to new information.
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Table ES.1 Water Quality Parameters of Concern to Beneficial Uses

ENVIRONMENT URBAN AGRICULTURE RECREATION INDUSTRIAL
Metals&Toxic Elements Disinfection By- Other Metals Other
Cadmium Product Precursors Boron Mercury Salinity
Copper Bromide Chloride Organics/PesticidespH
Mercury TOC Nutrients (Nitrate) PCBs Alkalinity
Selenium Other pH (Alkalinity) DDT Phosphates
Zinc Pathogens Salinity (TDS, EC) Other Ammonia
Organics/Pesticides Turbidity SAR Pathogens
Carbofuran Salinity (TI)S) Turbidity Nutrients
Chlordane Nutrients (Nitrate) Temperature
Chlorpyrifos pH
DDT
Diazin~
PCBs
Toxaphene
Other
Ammonia
Dissolved Oxygen
Salinity (TDS, EC)
Temperature
Turbidity
Unknown ToxieitT*

* Unknown toxicity refers to observed aquatic toxicity, the source of which is unknown

ES.1.2 Beneficial Use Water Quality Concerns

Water quality concerns related to the beneficial uses can be summarized as follows.

Environmental Beneficial Uses

Metals, pesticides, salts, and ammonia in certain concentrations can be toxic to early life stages of
fish and invertebrate species. Mercury can bioaccumulate in the upper levels of the food chain,
affecting larger fish, birds, and mammals. Pathogens can adversely affect fish either acutely
(lethality) or chronically (histopathological effects, impaired reproduction). Solids can increase
turbidity in water bodies, reducing photosynthesis and available food for fish. Solids can also
cause siltation of water bodies, burying and ruining spawning gravels that are essential fish
reproduction habitat. Nutrient loading can lead to direct or indirect depletion of dissolved oxygen
in water bodies (through promotion of abnormal algae blooms), which can suffocate aquatic
organisms, and lead to observable fish kills. Nutrient limitations may at times limit food
availability to aquatic species.

Municipal Drinking Water (Urban) Beneficial Uses

Pathogens, such as Cryptosporidiura parvum, in source waters can adversely affect public health
due to the difficulty in treatment. Nutrient loading, and subsequent algae blooms, can impair the
taste and odor of municipal water supplies and increase the expense of treating the water.
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Elevated turbidity due to suspended solids can be responsible for increased treatment costs. Salts
are a major concern because of the presence in sea water of bromide, which, when combined with
water treatment disinfectants, contributes to unwanted disinfection byproducts (DBPs). Organic
carbon in source waters can also adversely affect municipal drinking water supplies by producing
DBPs.

Agricultural Beneficial Uses

Excess salts can result in plant toxicity and negative effects on plant growth and crop yield. Salts
affect the ability of a plant to absorb water. Salts coupled with a disproportionate amount of
sodium in the water can cause the soil surface to seal, limiting water infiltration. Excessive
nutrients can result in excessive vegetative growth or delayed crop maturity. High pH irrigation
water can result in deposits on fruit or leaves. Turbidity and nutrients can foul irrigation systems.

Recreational Beneficial Uses

Pathogens can adversely affect the health of those who are participating in body contact
recreation. Pathogen contamination of fish or shellfish can adversely affect consumers. Certain
metals and pesticides, such as mercury and DDT, bioaccumulate in the food chain and can also
adversely affect consumers of the contaminated fish and shellfish. Solids loadings can increase the
turbidity of waters and interfere with the aesthetic enjoyment of these natural resources and
constitute a hazard to swimmers. Solids loading is also a mechanism by which pathogens, metals,
pesticides, and nutrients are transported into waters that support recreational beneficial uses.
Nutrient loading can promote algal blooms that reduce water clarity and sometimes cause
unsightly, odorous floating mats and fouling of boat hulls.

Industrial Beneficial Uses

Salinity can adversely affect industrial processes such as paper manufacturing through corrosion
and mineral scaling of industrial equipment. For oil refineries, a major user of industrial water,
high concentrations of phosphates can aggravate scaling concerns in cooling water systems, and
high levels of ammonia can cause cracking in brass cooling heat exchangers.

ES.2 SOURCES OF INFORMATION

Federal, State, and local agencies conduct water quality monitoring programs in the Delta.
Previous and ongoing studies that provided primary data on key water quality parameters were
reviewed and utilized for this assessment. These sources of data provided the results of extensive
water quality, sediment, and biological tissue monitoring programs.
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ES.3 ENVIRONMENTAL SETTING

ES.3.1 Rules, Regulations, and Requirements

In addition to water rights, source water and drinking water quality rules, regulations, and
requirements greatly influence the quality of water available for the beneficial uses of Delta water.
The following major federal and state rules, regulations, and requirements affect water quality of
the Delta supply.

Source Water Quality Regulations
Delta Protection Act of 1959
Porter-Cologne Act
Decision 1485 and the 1978 Water Quality Control Plan
Clean Water Act - Section 303(d)
Federal Guidance on Water Quality Criteria for Toxic Pollutants
Endangered Species Act
Central Valley Project Improvement Act of 1992
Suisun Marsh Preservation Agreement
Bay-Delta Framework Agreement and Bay-Delta Accord
1995 Water Quality Control Plan
California-Federal Operations Group

Drinking Water Quality Regulations
Safe Drinking Water Act
National Primary Drinking Water Standards
National Secondary Drinking Water Regulations
Trihalomethane Regulations
Federal Lead and Copper Rule
Federal Surface Water Treatment Rule
California Surface Water Treatment Regulations
Disinfectant/Disinfection Byproducts Rule
Federal Total Coliform Rule
California Total Coliform Regulations

ES.3.2 Sources of Parameters of Concern

Although variable hydrologic conditions, seasonal demands for water diversion, and agricultural
drainage flows result in considerable fluctuations in Delta water supply and water quality
conditions, the chemical characteristics of Delta inflows depend largely on land use in the
upstream watershed. Sources of the parameters of concern, presented in Table ES. 1, generally
include the following:
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¯ Drainage from inactive and abandoned mines that introduce metals such as cadmium, copper,
zinc, and mercury;

¯ Stormwater inflows and urban runoff that may contribute metals, selenium, turbidity,
pathogens, organic carbon, nutrients, pesticides, petroleum, and other chemical residues;

¯ Municipal and industrial discharges that may contribute salts, metals, trace elements, nutrients,
¯ pathogens, chemical residues, oil and grease, and turbidity;

¯ Agricultural tail water, or return flows, that may contribute salts, nutrients, pesticide residues,
,_ pathogens, and turbidity;

¯ Subsurface agricultural drainage that may contribute salts, selenium, and other trace elements,
nutrients, and pesticides (some fungicides); and

¯ Atmospheric deposition may contribute metals, pesticides, and some organics.

ES.3.3 Loadings of Constituents

As a part of this assessment, estimates of loadings were developed for four of the study area
regions: Delta Region, Bay Region, Sacramento River Basin, and San Joaquin River Basin. These
estimates were made of the following constituents: cadmium, bromide, copper, mercury, nitrate,
selenium, TDS, TOC, and zinc.

Two approaches were used to estimate loadings in each basin. The fn’st approach was to estimate
the load attributable to each major source and then sum the loadings for a total basin load. The
second approach was to calculate the load contained in water exiting the basin at its downstream
end to estimate the total pollutant emission from a basin. The results were compared. In
estimating loads, many assumptions and simplifications were made, the primary ones involving
year to year precipitation variations (a single load estimate reflecting "typical" conditions was
used), the seasonality of loadings (annual basis used), and background loads (no allowance for
concentrations of contaminants in waters uninfluenced by human activities)..Estimates of loadings
will be used to determine the relative importance of different sources of the parameters of concern
and the potential effectiveness of CALFED water quality related actions.

ES.3.4 Existing or Planned Programs to Reduce Loadings

Several programs currently exist or are planned to reduce the loadings of parameters of concern.
These programs include:

¯ Remediation efforts and source controls for reducing mine drainage of cadmium, copper, zinc,
and mercury;

¯ Municipal stormwater management controls for construction site management, planning new
development, industrial compliance, illegal discharges and illicit connections, and small cities,
as well as the encouragement of public agency activities, public education, and monitoring;

¯ ¯ Permitting of municipal and industrial wastewater discharges in the Delta or its tributaries to
control loadings;
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¯ Three primary agricultural drainage programs (Drainage Reduction Program, Rice Herbicide
Program, and Habitat Enhancement Landowner Program) to improve drainage water quality;
and

¯ Upgrading water treatment facilities and developing source water assessment programs.

ES.3.5 Current Water Quality Conditions

The analysis of existing water quality data indicated that there is a wide range of water quality
conditions to be addressed throughout the Bay-Delta problem area. The major water quality
issues recognized to be of concern in the Delta can be summarized in terms of parameters of
concern, beneficial uses impacted, and general sources of the constituent or area impacted.
Provided below are the significant water quality issues resulting from this analysis.

¯ High-salinity water from Suisun and San Francisco Bays intrudes into the Delta during periods
of low Delta outflow. Salinity adversely affects agricultural, municipal, recreational,
industrial, and environmental uses.

¯ Delta exports have concentrations of dissolved organic carbon (DOC) which are comparable
to average DOC concentrations found in raw water sources within the Western United States.
DOC, when chlorine is used as a disinfectant, is a disinfection by-product (DBP) precursor,
and as a result of seawater intrusion, the potential for formation of brominated DBPs increases
along with increases in concentrations of the precursor bromide (Br), which originates in
seawater.

¯ Synthetic and natural contaminants have accumulated in Delta sediments and can
bioaccumulate in fish and other aquatic organisms~ Synthetic organic chemicals and heavy
metals (e.g., mercury) are found in Delta fish in quantities that occasionally exceed acceptable
standards for food consumption.

¯ Agricultural drainage in the Delta contains high levels of nutrients, suspended solids, dissolved
organic carbon, salinity, and may contain traces of agricultural chemicals (e.g., pesticides).
The San Joaquin River delivers water of relatively poor quality to the Delta; agricultural
drainage to the river is a significant source of salts and pollutants, including selenium, boron,
and pesticides. The Sacramento River contributes some pesticide loading as well.

¯ Historical mining activities are a source of heavy metals, including cadmium, chromium,
copper, mercury, and zinc.

¯ Populations of striped bass and other species have declined significantly from historical levels.
Causes of the declines are uncertain, although water quality conditions in the Bay and Delta
(e.g., toxicity), decreases in Delta inflow and outflow rates, habitat loss, agricultural and other
instream diversions, and in Delta exports are thought to be contributing factors.

CALFED Bay-Delta Program Water Quality
Draft Affected Environment Technical Report September 2, 1997

ES-6

C--003754
(3-003754



¯ The location of the estuarine salinity gradient and its associated "entrapment zone" (where
biological productivity is relatively high because of the mixing and accumulation of suspended
materials) is controlled by Delta outflow. The location of the entrapment zone affects the
quantity and quality of habitat for estuarine species.
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1. INTRODUCTION The purpose of this document is to provide a
description of the affected environment for

The mission of the CALFED Bay-Delta resources associated with water quality in
Program (Program) is to develop a long- the CALFED geographic focus. In order to
term comprehensive plan that will restore accurately describe the affected environment
ecosystem health and improve water for water quality, it will be n~ary to
management for beneficial uses in the Bay- define not only the current conditions but
Delta system. The geographic focus of the also the historical conditions, which place
Program is the Delta region, which has been current conditions in perspective. The report
identified as the primary "problem" area by describes the relevant regulatory context,
CALFED, consisting of the legally defined historical water quality trends, and existing
Delta, Suisun Bay to Carquinez Strait, and water quality for the study area. The current
Suisun Marsh. Some species (e.g., and historic conditions will be described in
anadromous fish) that inhabit the Delta are this report for each of the five regions within
impacted by conditions outside the Delta. the study area; Delta Region, Bay Region,
Also, areas outside the Delta are sources of Sacramento River Region, San Joaquin River
water quality problems affecting the Delta, Region, and the SWP and CVP Sea’vice
its inhabitant species, and users of Delta Areas. The executive summary comained in
water. In resolving the water quality this technical report in conjunction with
problems of the Delta, CALFED may other information, data, and modeling
undertake actions throughout its geographic developed during prefeasibility will be used
solution area, as necessary. The CALFED to prepare the affected environment section
problem and solution areas are shown below, of the Programmatic EIR/EIS.

This document is consistent with the goals of
CALFED, the California Environmental
Quality Act (CEQA), and the National
Environmental Policy Act (NEPAL and
reflects a level of detail appropriate for a
programmatic level of environmental review.

1.1 ENVIRONMENTAL SETTING

The Central Valley is drained by the
Sacramento River system to the north and
the San Joaquin River system to the south.
These two river systems converge at the
Delta, which encompasses approximately
680,000 acres interlaced with approximately
700 miles of waterways (Arthur and Ball,
1978). Water flows from the Delta through
the Suisun, San Pablo, and San Francisco
Bays to the Pacific Ocean at the Golden Gate
Bridge.
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The Delta is the West Coast’s largest to maintain waterfowl habitat units and to
estuary, one of the country’s largest systems leach salts from soil in winter. Industrial
for fish production, and provides habitat for intakes and discharges occur near
more than 120 fish species. An estimated 25 Sacramento, Stockton, and Antioch. Many
percent of all warm water and anadromous public and private recreational facilities are
sport fishing species and 80 percent of the located in the Delta and constitute an
State’s commercial fishery species either live important part of the regional economy.
in or migrate through the Delta. The Delta is
a source of drinking water for about Variable hydrologic conditions, seasonal
20 milh’on, or two-thirds, of all Californians. demands for water diversions, and
The Delta provides irrigation water for agricultural drainage flows result in
approximately 200 crops that produce 45 considerable fluctuations in Delta water
percent of the nation’s produce. Major supply and water quality conditions. Periods
industrial facilities also receive water supply of high inflows that result in low salinity
from the Delta, including oil refineries and alternate with periods of low inflow that
paper manufacturers. The Delta supports allow greater salinity intrusion and
about 12 million public user days a year exaggerate water quality effects of drainage.
through a variety of recreational In the Delta, the distribution of dissolved and
opportunities including fishing, camping and suspended materials is influenced by complex
boating by 82,000 registered boaters, ckculation patterns that are affected by

channel geometry, flow volumes, pumping
Water flowing through the Delta that is not for Delta agricultural operations and exports,
diverted by drinking water suppliers, and tidal influence from the ocean. Under
agriculture, or industries, flows to the Pacific average hydrologic conditions,
Ocean through San Francisco Bay. approximately 30 percent of Delta inflow is
Freshwater outflows prevent saline water used for CVP and SWP exports, 10 percent
from encroaching into the Delta and is diverted for local uses, 20 percent is used
degrading water quality. Delta channel for Delta outflow requirements, and 40
geometry, inflows into and within the Delta, percent is additional Delta outflow that
and tidal flows are interdependent variables results from winter precipitation and runoff.
that control seawater intrusion and water The SWP and CVP export pumping plants
quality in the Delta. exert a considerable influence on water

circulation in the Delta by creating a net flow
Delta diversions occur through the State of water from northern regions of the Delta
Water Project (SWP) H.O. Banks pumping south through Old River and Middle River.
plant, SWP’s North Bay Pumping Plant on During winter, inflow volumes typically
Barker Slough, the Central Valley Project exceed the export and other requirements
(CVP) Tracy Pumping Plant, and Contra and the Delta outflow is sufficient to repel
Costa Water District Pumping Plant at Rock the force of tidal encroachment. During late
Slough, which supply water for agricultural, summer and fall, when low inflows and high
industrial, municipal, and some wildlife pumping rates are occurring, flows can
(e.g., refuge) uses. More than 1,800 reverse direction in the central and western
agricultural diversions are located in the Delta channels. This pattern of’’reverse
Delta. Diversions in Suisun Marsh are used
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flow" is a concern because of the potential accessed and utiliTed a large group of water
effects on ~alinity. quality technical experts to assist in the

development of the Water Quality Program.
Delta water quality, particularly the These stakeholders, known as the Water
concentration of pollutants, is strongly Quality Technical Group, represent federal,¯ influenced by the operation of upstream state and local agencies, environmental
reservoirs and diversions, including
the CVP and SWP. On average,
approximately 75 to 85 percent of
Delta inflow is from the Sacramento rba n

River, 10 to 15 percent is from the
San Joaquin River, and the eastside
streams (e.g., Mokelumne,
Cosumnes, and Calaveras) contribute
the remainder. San/oaquin River    D ~a !
flows are often very low in late rs
summer and fall. In contrast, the
Sacramento River, the largest tributary to the advisory groups, industry (e.g., pesticide,
Delta, has relatively good water quality mining, etc.), agriculture, recreation, urban
because of the large amount of dilution water supply, and watershed interests.
provided by runoff from the watershed and
releases from storage reservoirs. Initially, three technical teams of

stakeholders were formed to identify the
The chemical characteristics of Delta inflows source water quality requirements of
depend on land use in the upstream environment, urban; and agriculture water
watershed. Major potential sources of users. The environment team was primarily
chemical and suspended constituents are comprised of federal and state agency
natural and accelerated soil and channel representatives (U.S. Fish and Wildlife
erosion, drainage from irrigated agricultural Service, U.S. Environmental Protection
fields, confined animal facilities and Agency, California Departments of Fish and
rangeland, municipal wastewater effluent, Game and Pesticide Regulation, State Water
past mining activities, industrial discharges, Resources Control Board, and Region 2 and
and urban stormwater runoff. 5 Water Quality Control Boards). The urban

team included both agency staff and urban
water agency representatives. The

1.2 BENEFICIAL USES OF WATER agriculture team was represented by agency
staff, farmers, and agricultural water

Water serves a variety of uses. To ensure suppliers. Using available data and technical
that all beneficial uses of water were knowledge, the teams identified parameters
considered by the Program, stakeholders that were of "concern" to their respective

, throughout the geographic focus have been beneficial use of water, and identified actions
provided the opportunity to participate in the that might be taken~ to reduce these
CALFED Water Quality Program (WQP). parameters. CALFED then invited

- The CALFED Water Quality Program has additional stakeholders to join in the process.
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The stakeholders included those who might In addition to the technical workgroup
be impacted by implementation of the meetings CALFED has held workshops to
recommended water quality actions (e.g., inform the general public about WQP
parties responsible for mine drainage, activities. CALFED staff have met with a
agricultural drainage, urban runoff, variety of groups including the Clean Water
wastewater, and industrial discharges, etc.) Caucus, California Water Environment
and representatives of environmental and Association, and the California Urban Water
watershed interests. Agencies. The CALFED Bay Delta

Advisory Committee has been kept apprised
During the course of its meetings, the of the WQP’s progress through
CALFED Water Quality Technical Group informational segments at their regularly
identified parameters of concern to beneficial scheduled meetings. Stakeholder
uses of water. These parameters of concern involvement in CALFED water quality
are listed in Table 1.1. This list of activities is planned to continue throughout
parameters may change over time in the life of the CALFED effort.
response to additional knowledge.

Through its stakeholder involvement efforts,
More detailed information on measured CALFED has identified two major issues:
concentrations of parameters (e.g., water the need for a comprehensive monitoring
column, sediment, and tissue) throughout the program and the need for coordination
water quality problem area is described in among various watershed groups. CALFED
Section 3.

Table 1.1 Water Quality Parameters of Concern to Beneficial Uses

ENVIRONMENT URBAN AGRICULTURE RECREATION INDUSTRIAL
Metals&Toxic Elements Disinfection By- Other Metals Other
Cadmium Product Precursors Boron Mercury Salinity
Copper Bromide Chloride Organics/PesticidespH
Mercury TOC Nutrients (Nitrate) PCBs Alkalinity
Selenium Other pH (Alkalinity) DDT Phosphates
Zinc Pathogens Salinity O73S, EC) Other Ammonia
Organics/Pesticides Turbidity SAR Pathogens
Carbofuran Salinity (TDS) Turbidity Nutrients
Chlordane Nutrients (Nitrate) Temperature
Chlorpyfifos pH
DDT

PCBs
Toxaphene
Other
Ammonia
Dissolved Oxygen
Salinity (TDS, EC)
Temperature
Turbidity
Unknown Toxicity*

* Unknown toxicity r~fers to observed aquatic toxicity, the source of which is unknown.
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is exploring approaches to addressing these can adversely affect municipal drinking water
issues through a comprehensive monitoring, supplies. Nutrient loading, and subsequent
assessment and research program (CMARP) algae blooms, can impair the taste and odor
and through a watershed coordination effort, of municipal water supplies and increase the
While some background information exists expense of treating the water. Elevated
on water quality problems in the CALFED turbidity due to suspended solids can be
solution area, much is yet to be learned, responsible for increasing treatment costs of
CALFED is developing the CMARP to municipal water supplies.
address the need for adequate scientific
support not only for water quality, but also A major problem during periods of low Delta
for the system integrity, ecosystem outflows is tidal mixing of salt into the Delta
restoration, and water supply reliability channels. Salts are a major concern with
resource areas. CMARP is central to the regard to municipal drinking water supplies
CALFED philosophy of adaptive because of the presence in sea water of
management, bromide, which contributes to unwanted

disinfection byproducts (DBPs). Salt can
A primary role of CALFED is to coordinate result in salty taste, corrosion of appliances,
the solution of Bay-Delta system problems plumbing and industrial facilities, and
on a large scale. CALFED watershed reduced opportunity for waste water
management will be an outgrowth of this recycling. Salts also are present in
role, emphasizing the efforts of diverse freshwater inflows to the Delta due to
interests -- environmental, agricultural, municipal and agricultural discharges. The
industrial, municipal, and other local, State, most heavily concentrated sources of
and Federal agencies -- working together to agricultural drainage to the Delta are from
achieve long term solutions to the problems the San Joaquin River.
of the Bay-Delta system.

Organic carbon in source water can
adversely affect municipal drinking water

1.3 WATER QUALITY BENEFICIAL supplies by combining with water treatment
USE CONCERNS disinfectants to produce harmful by-products

(e.g., trihalomethanes). Agricultural
Following is a general discussion of water drainage is of particular concern to drinking
quality concerns for beneficial uses. water because the peat soils of the Delta
Historical conditions, loading estimates, and contribute organic carbon to the agricultural
current water quality conditions are drainage water. Delta diversions for
addressed in Section 3. municipal supply water purposes occur

through the State Water Project H.O. Banks
Drinking Water and North Bay Pumping Plants, the Central

Valley Project Tracy Pumping Plant, and the
Drinking water beneficial uses can be Contra Costa Water District Pumping Plant
impacted by loadings of bromide, nutrients, at Rock Slough. Figure 1-1 depicts the
salinity, organic carbon, turbidity, pathogens, interaction between sources of bromides,
or changes in pH. Pathogens such as organic carbon and salinity and municipal
Cryptosporidium parvum in source water water intakes.
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Agriculture can be toxic to early life stages of fish and
invertebrate species. Mercury can

Agricultural beneficial uses can be impacted bioaccumulate in the upper levels of the food
by loadings of boron, salts, nutrients, pH, chain, affecting larger fish, birds and
turbidity, and changes in sodium absorption mammals. Pathogens can adversely affect
ratio (SAR). Excess salts can result in plant fish either acutely (lethality) or chronically
toxicity and negative effects on plant growth (histopathological effects, impaired

¯ and crop yield. Salts affect the ability of a reproduction). Solids can increase turbidity
plant to absorb water. Salts coupled with a in water bodies, reducing photosynthesis and
disproportionate amount of sodium in the available food for fish. Solids can also cause
water can cause the soil surface to seal, siltation of water bodies, burying and ruining
limiting water infiltration (effects relating to spawning gravels that are essential fish
SAR). Excessive nutrients can result in reproduction habitat. Nutrient loading can
excessive vegetative growth or delayed crop lead to direct or indirect depletion of
maturity, and high pH irrigation water can dissolved oxygen in water bodies (through
result in white deposits on fruit or leaves, promotion of abnormal algae blooms), which
Turbidity and nutrients can foul irrigation can suffocate aquatic organisms, and lead to
systems. More than 1,800 agricultural observable fish kills. Nutrient limitations may
diversion are located within the Delta. These at times limit food availability to aquatic
diversions are shown in Figure 1-2. species.
Irrigation water destined for use on millions
of acres in the San Joaquin Valley and Recreation
Southern California is diverted through the
Harvey O. Banks and Tracy Pumping Plants. Recreational beneficial uses in th~, Delta may

be affected due to pathogens, metals,
Environment pesticides, solids, or nutrients. Microbial

pathogens can adversely affect the health of
Beneficial uses of water for environmental those who are participating in water contact
purposes, specifically fishery resources, have recreation, such as swimming, water skiing,
been impacted by toxic pollutants such as or windsurfing. Pathogen contamination of
trace metals and synthetic organic fish or shellfish can adversely affect public
compounds. In addition, nutrients, health. Certain metals and pesticides, such
pathogens, pH, dissolved oxygen and as mercury and DDT, bioaccumulate in the
temperature have the potential to affect food chain and can adversely affect
Delta species. Populations of striped bass recreational fishers who consume
and other species have declined significantly contaminated fish and shellfish. Solids
from historical levels. Causes of the declines loading can increase the turbidity of waters
are uncertain, although water quality and interfere with the aesthetic enjoyment of
conditions in the Bay and Delta, decreases in these natural resources and constitute a
Delta inflow and outflow rates, habitat loss, hazard to swimmers. Solids loading is also a

¯ agricultural and other instream diversions, mechanism by which pathogens, metals,
and in-Delta exports are thought to be pesticides, and nutrients are transported into
contributing factors. Metals, pesticides, waters that support recreational beneficial

- salts, and ammonia in certain concentrations uses. Nutrient loading can promote algal
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blooms that reduce water clarity and used for municipal purposes; however, for
sometimes cause unsightly, odorous floating many industrial purposes water is diverted
mats and fouling of boat hulls. Locations of and conveyed to the industrial facility prior
public and private Delta recreational facilities to treatment for municipal use purposes.
are shown in Figure 1.3. Industrial facilities treat raw water to the

water quality required for their industrial
Industrial process.

Industrial beneficial uses of water may be Parameters identified by the Water Quality
impaired due to salinity, phosphates or Technical Group as of concern to beneficial
ammonia. Salinity has adversely affected uses of water are identified in Table 3.1. This
industrial processes such as paper list of parameters may change over time in
manufacturing through corrosion and mineral response to additional knowledge and
scaling of industrial equipment. For oil understanding of these and other parameters.
refineries, a major user of industrial water,
high concentrations of phosphates can More detailed information on measured
aggravate scaling concerns in cooling water concentrations of parameters (water column,
systems, and high levels of ammonia can sediment, and tissue) throughout the water
cause cracking in brass cooling heat quality problem area are described in Section
exchangers. Industrial water is diverted and 3.
conveyed through the same facilities
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2. SOURCES OF INFORMATION for Trace Substances provide water quality
monitoring data. Ambient concentration

2,1 WATER QUALITY MONITORING data are available throughout the Delta and
PROGRAMS Bay regions for key parameters of concern.

Federal, State and Local agencies conduct Sacramento Coordinated Water Quality
ongoing water quality monitoring programs Monitoring Program
in the Delta. The following section reviews The Sacramento River Coordinated
previous and ongoing studies that provide Monitoring Program (CMP) was initiated in
primary data on key water quality parameters 1991 by the City and County of Sacramento.
for CALFED. The Program is now a component of the

larger Sacramento River Watershed
2.1.1 Regional Programs Program. Sampling under the program

began in December 1992. Ambient water
Interagency Ecological Program of the quality monitoring is conducted at five
.Sacramento-San Joaquin Estuary_ locations on the lower Sacramento River in
The Interagency Ecological Program (IEP) the vicinity of Sacramento. Water quality
was initiated by the California Department of data is reported in annual reports for 1992
Water Resources (DWR), the California to 1995.
Department of Fish and Game (DFG), the
U.S. Bureau of Reclamation (Reclamation), 2.1.2 Federal Programs
and the U.S. Fish and Wildlife Service
(USFWS) to provide information about the Environmental Protection Agency
effects of CVP and SWP exports on fish and Clean Water Act Section 305(b). SWRCB is
wildlife in the Bay-Delta estuary. Analysis of required to report (biennially) on water
water quality components has focused on quality conditions in California streams, lakes
salinity and algal productivity (nutrient) and groundwater basins. Individual Delta
effects. SWRCB, the U.S. Environmental channels are not classified in the Section
Protection Agency (EPA), the U.S. Army 305(b) reports.
Corps of Engineers (Corps), and the U.S.
Geological Survey (USGS) currently provide Clean Water Act Section 303(d). Requires
additional program assistance. IEP states to identify water bodies within their
investigations have changed periodically as boundaries that exceed water quality
new information is gathered and resource standards. As a result, the California State
topics decrease or increase in importance. Water Resources Cofltrol Board identifies
Program data are available to the public, and maintains a list of the State’s impaired
annual IEP reports are issued, and water bodies. For each water body, the
newsletters and annual meetings provide SWRCB identifies the water quality problem,
information about study results, its source(s), and areal extent. In addition to

identifying impaired water bodies, states are
San Francisco Estuary_ Regional Monitoring required to priofitize the impaired water

program bodies based on the severity of the water
The 1993, 1994 and 1995 Annual Reports quality problem and their beneficial uses, and

to estimate the maximum parameter load
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allowable, known as the total maximum daily quality among islands with different soil and
load (TMDL). In 1996, the SWRCB farming practices (California Department of
identified approximately 95 impaired water Water Resources 1990).
bodies within California. The 303(d) list of
impaired water bodies is reviewed and DAYFLOW Records. Daily Delta hydrology
updated biennially to coincide with the is specified in the DAYFLOW data base
305(b) reporting schedule, maintained by DWR Central District. The

DAYFLOW records include daily CVP Delta
United State~ Geological Survey operations for 1967-1991. Simulation results
Much of the available water temperature from the monthly Delta operations planning
information is based on USGS records, models are known as DWRSIM.
which were obtained from the compact-disk
version of USGS WATSTORE database. State Water Resources Control Board
Additional USGS data on water quality and Delta Flow and Salinity Measurements. As
streamflow was found using the National conditions of their water rights permits,
Water Quality Monitoring Networks (WQN) SWRCB requires DWR and Reclamation to
HomePage. conduct comprehensive water quality

monitoring of the Delta and adjust SWP and
CVP operations to satisfy the applicable

2.1.3 State Programs objectives. Salinity (EC) monitoring stations
at Jersey Point and Emmaton are especially

.California. Department of Water Resources important for managing releases at upstream
Municipal Water Quality Investigations reservoirs and export pumping to satisfy
Program. DWR’s Municipal Water Quality water quality objectives. DWR’s Delta
Investigations (MWQI) Program Operations Water Quality Section prepares
encompasses the previous Interagency Delta and distributes a daily report of data on
Health Aspects Monitoring Program flows and EC to help in making operational
0DHAMP) and Delta Island Drainage decisions. Reclamation also maintains
Investigations Program (DIDI). IDHAMP continuous EC recorders at approximately
was initiated to provide water quality 20 Delta locations.
information for judging the suitability of the
Delta as a source of drinking water The Central Valley Regional Water Quality
(California Department of Water Resources, Control Board has conducted Delta
1989). Issues of concern included sodium, monitoring of selenium, pesticides, metals,
asbestos, and the potential formation of and toxicity since 1984.
DBPs. More water quality constituents have
been added, including the characterization of
Delta inflows and exports, to provide a 2.2 SEDIMENT MONITORING
means of chemically tracking the movement PROGRAMS
of water through the Delta. The DIDI
program staff started collecting agricultural 2.2.1 State Programs
drainage samples containing pesticide
residues, organic materials, and THM Department of Water Resource~
precursors in 1985 to evaluate drainage Interim North Delta Water Management
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Program. In an effort to define the potential Fish and Game carries out the statewide
environmental impact that would result from SMWP for the SWRCB by collecting and
proposed dredging that could occur in the analyzing samples.
North Delta area, a field investigation was
conducted in the fall and winter of 1992 to Information collected in the SMWP is used
collect and analyze sediment samples for by the SWRCB, RWQCB, and other
chemicals of environmental concern, agencies to identify waters impacted by toxic

pollutants. Through the SWRCB’s
Interim South Delta Water Management statewide Water Quality Assessment, SMWP
Program. TI~ environmental study was results are used to help classify water bodies
conducted to help determine the impact that from good to impaired water quality relative
could result from proposed dredging to each other. SMWP results are also used
activities associated with the ISDP, including in the SWRCB’s Bay Protection Program in
the effects of the physical and chemical helping to identify "Toxic Hot Spots."
components of the dredged material on the Lastly, SMWP results are used in the normal
environment. The ISDP area generally regulatory activities of the RWQCBs and
comprises lands and channels southwest of other State agencies such as the Department
Stockton and north of Tracy. of Pesticide Regulation.

Dredging Projects (Staten Island, South Toxic Substances Monitoring Program.
Fork MokeIumne River, North Delta). From Initiated in 1976, the Toxic Substances
1990 to 1994, sediment samples were Monitoring Program (TSMP) was based on
collected during actual dredging operations, sampling aquatic organisms (e.g., freshwater

clams, carp, bass, and trout) in major
California water bodies to determine the

2.3 BIOLOGICAL TISSUE extent of accumulation of synthetic organic
MONITORING PROGRAMS chemicals and heavy metals in tissues of

aquatic organisms throughout the State
2.3.1 State Programs (California State Water Resources Control

Board, 1985). Funding for the TSMP was
State Water Resources Control Board discontinued in 1996.
Mussel Watch Program. Initiated in 1977,
the California State Mussel Watch Program
(SMWP) was organized to provide a uniform 2.4 ADDITIONAL SOURCES OF
statewide approach to the detection and INFORMATION
evaluation of the occurrence of toxic
substances in the waters of California’s bays, Ongoing studies and analyses of the Delta
harbors, and estuaries. This is accomplished region serve as important sources of
through the analysis of transplanted and information for this report. Recent studies
resident mussels and clams. The SMWP and reports include the California
primarily targets areas with known or Department of Water Resources (DWR)
suspected impaired water quality and is not Bulletin 160-93, California Water Plan
intended to give an overall water quality Update (California Department of Water
assessment. The California Department of Resources, 1994); documentation for the
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U.S. Bureau of Reclamation’s
(Reclamation’s) CVP operations (U.S.
Bureau of Reclamation, 1992); an
environmental report prepared by the State
Water Resources Control Board (SWRCB)
in support of the 1995 Delta water quality
control plan (State Water Resources Control
Board, 1995); estuarine standards proposed
in December 1993 by the Environmental
Protection Agency (EPA); draft
environmental documents for major water
resource projects in or adjacent to the Delta,
including the Contra Costa Water District’s
(CCWD’s) Los Vaqueros Project (Contra
Costa Water District and U.S. Bureau of
Reclamation, 1993); DWR’s North Delta
Program (California Department of Water
Resources, 1990a), and South Delta
Program (California Department of Water
Resources, 1990b); Interim South Delta
Program (California Department of Water
Resources, 1996a); Los Banos Grandes
(California Department of Water Resources,
1990c); and the Draft EIR/EIS for the Delta
Wetlands Project (Jones & Stokes
Associates, 1995).
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3. ENVIRONMENTAL SETTING public interest including fish and wildlife
resources. The quantity and quality of water

3.1 REGULATORY ISSUES used by existing riparian and senior
appropriative users must not be impaired by

¯ 3.1.1 Water Rights subsequent appropriative water rights. (See
surface water, groundwater technical

Water use in California is characterized by reports.)
, two basic types of water rights: riparian

water rights and appropriative water rights. 3.1.2 Source Water Quality Rules,
Riparian water rights are based on ownership Regulations and/or Requirements
of land adjacent to a water body, while
appropriative water rights are unrelated to The following rules and regulations relate to
riparian land ownership and are based on the source water quality requirements for
principle of’~st in line, first in right." environmental, agricultural, municipal,

industrial, and recreation uses of water. For
Riparian water rights are not lost if unused environmental and recreational beneficial
and are not quantified. Landowners with uses, the requirements are generally based on
these rights can divert portions of a water existing federal or state regulations
body’s natural waterflow for reasonable and translated into criteria, objectives or
beneficial use on their land, provided the land standards. For agricultural, municipal and
is located within the same watershed as the industrial beneficial uses, source water
water body. During times of water shortage, quality requirements are relevant because the
all riparian water rights holders must share quality of source water can strongly
the available, supply according to each influence the ability to meet treated drinking
landowner’s reasonable requirements and water standards, can affect cropping pattern
uses (California State Water Resources selection and operations, and can affect the
Control Board, 1989). Appropriative water operations of industrial facilities. Source
rights account for the vast majority of water water quality has significant economic
rights in California. These rights are based impact on all the these beneficial uses.
on the concept that the first to claim and Following are the major federal and state
beneficially use a specific amount of water regulations associated with water quality.
has a superior claim to later appropriators.

The Delta Protection Act of 1959
Appropriative rights are quantified and may The Delta Protection Act of 1959 requires
be lost if unused. Appropriative water rights adequate water supplies for multiple uses
issued after 1914 are under the jurisdiction (e.g., agriculture, industry, urban, and
of the State Water Resources Control Board recreation) within the Delta and for export.
(SWRCB). All water users existing in 1914 Since the law was passed, various water
were assigned the same seniority. The quality and flow objectives have been
SWRCB issues appropriative rights with established by SWRCB and the Central

¯ conditions to protect other water rights Valley Regional Water Quality Control
holders, including Delta and upstream Board (CVRWQCB). These objectives are
riparian water users, and to protect the designed to ensure that the amount and
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quality of water in the Delta is sufficient to the plans would apply to all permitted and
satisfy multiple uses. For example, water nonpermitted point-source discharges.
quality objectives require limiting Delta SWRCB and RWQCBs also implement
water supply operations, particularly the sections of the federal Clean Water Act
SWP and CVP, that affect the fresh water- (CWA) administered by EPA, including the
salt water balance in the Delta. National Pollutant Discharge Elimination

System (NPDES) permitting process for
point and nonpoint sources of certain waste

P0rter-Col0gne Act discharges.
In 1967, the Porter-Cologne Act established
the SWRCB and nine Regional Boards as the Both numerical and narrative water quality
State agencies with primary authority over objectives are established to protect
the regulation of water quality and allocation beneficial uses. Water quality objectives are
of appropriative surface water rights in generally established to protect human health
California. The Porter-Cologne Act is the or aquatic life. Once approved by EPA, the
primary State water quality legislation objectives become water quality standards
administered by SWRCB and provides the that must be implemented under the CWA,
authority to establish water quality control the primary Federal legislation administered
plans (i_e., basin plans) that are reviewed and in California by SWRCB.
revised periodically. The nine regional water
quality control boards CRWQCBs) The Delta is under the jurisdiction of the
implement SWRCB policies and procedures Central Valley (Region 5) and the Sail
throughout the State. Water quality control Francisco Bay (Region 2) RWQCBs, which
plans, also known as Basin Plans, designate implement policies and procedures adopted
beneficial uses for specific surface water and under several water quality control plans.
groundwater resources and establish water The most recent Basin Plan was adopted in
quality objectives to protect those uses. To 1995 (California Regional Water Quality
ensure that water quality objectives are met, Control Board, 1995). Amendments to the
SWRCB issues water right permits and Basin Plan for the control of agricultural
RWQCBs issue waste discharge subsurface drainage and lower San Joaquin
requirements for the major point-source River water quality objectives are currently
waste dischargers, such as municipal being considered for adoption (California
wastewater treatment plants and industrial Regional Water Quality Control Board,
facilities. 1996a).

SWRCB recently enacted the Enclosed Bays D-1485 and the. 1979 .Water Quality Control
and Estuary Plan and the Inland Surface Plan
Waters Plan that set numeric and narrative In I978, SWRCB adopted the Water Quality
criteria for toxic metals and organic Control Plan for the Sacramento-San
compounds. Litigation brought against the Joaquin Delta and Suisun Marsh (1978 Delta
plans in 1994 resulted in their revocation, Plan). At the same time, SWRCB adopted
and they are currently under review for water-rights decision D-1485, replacing the
readoption in 1997. Criteria promulgated in previous Water Control Plan D-1379, which
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replaced D-1275. The D-1485 decision other regulatory agencies.
required compliance with water quality
objectives in the 1978 Delta Plan which were Clean Water Act -. Section 303(d)
designed to protect natural resources by Section 303(d) of the Clean Water Act
maintaining Delta conditions as they requires that each state develop a list, known
occurred before operation of the CVP and as a 303(d) list, of water bodies that are
SWP. D-1485 also required monitoring and impaired with respect to water quality. The

¯ study of Delta aquatic resources. The effect 303(d) list for each state identifies impaired
of the D-1485 decision was amendment of water bodies and sources of impairment such
Reclamation and DWR permits for operating as mine drainage, agricultural drainage,
the CVP and SWP. In the 1980s, legal urban and industrial runoff, and municipal
challenges were brought against D-1485 and and industrial wastewater discharges. In
the 1978 Delta Plan. In 1986, the State was 1996, the State of California identified
required to revise its water quality standards approximately 90 impaired water bodies in
based on the "Racanelli Decision" (United its 303(d) list. CALFED is using this list to
States v. State Water Resources Control make a preliminary assessment of existing
Board 182 Cal. App. 3d 82 [1986]). environmental water quality problems in
Pursuant to that decision, SWRCB California’s Central Valley and Bay-Delta.
implemented a heating process, known as the
Bay-Delta hearings, to review and amend the Federal Guidance on Water Quality Criteria
1978 Delta Plan. Following this heating .fgr Toxic Pollutants
process, SWRCB issued revised water The Environmental Protection Agency has
quality objectives in the 1991 Delta Water developed National Guidance on Water
Quality Control Plan for Salinity, Quality Criteria (Clean Water Act Section
Temperature, and Dissolved Oxygen (1991 304(a)) for pollutants toxic to human health
Delta Plan). Subsequently, EPA objected to and aquatic life protection. Relevant
the level of fish and wildlife protection pollutants are identified under Section 307 of
afforded in the 1991 Delta Plan, and the CWA. These criteria were used by the
Governor Pete Wilson’s 1992 water policy State in development of the now defunct
called for SWRCB to develop interim 1991 Inland Surface Water Rule. An update
measures to protect fish and wildlife, to the National Guidance document, the
SWRCB then prepared interim water-right National Toxics Rule was promulgated in
terms and conditions for the 1991 Delta Plan 1992.. California was included in the Rule
in the draft decision D-1630. Actions taken for parameters that were not addressed in the
by the National Marine Fisheries Service Inland Surface Watef Rule. Currently, a
(NMFS) and USFWS to protect winter-run California Toxics Rule is being developed by
chinook salmon and delta smelt, respectively, EPA that will address parameters that were
resulted in the withdrawal of D-1630 during not covered for California in the original
the heating process. However, several new National Toxics Rule. The California Toxics
Delta water management concepts presented Rule will be an update of the National Rule

¯ in D-1630 have been partially adopted in based on best currently available scientific
other actions taken by SWRCB, DWR, data. Decisions regarding site-specific
Reclamation, fishery protection agencies, and conditions will be deferred to the State
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Regional Water Quality Control Boards. a programmatic EIS for this activity is
expected to be published in early 1998.

Endangered Species Act
The federal Endangered Species Act (ESA) Suisun Mar~h Pre~rvation Agr~ment
requires assessment of water-project The Suisun Marsh Preservation and
operations for effects on fish species listed Restoration Act of 1979, and an associated
under ESA as threatened or endangered. In agreement between federal and State
February 1993, the National Marine Fisheries agencies signed in 1987, were designed to
Service (NMFS) issued its biological opinion mitigate the effects of CVP and SWP
on the effects of SWP and CVP operations operations and other upstream diversions on
on winter-run chinook salmon. In March water quality in the marsh. The agreement
1995, the U.S. Fish and Wildlife Service includes specific water quality objectives for
(USFWS) issued a biological opinion on the salinity in Suisun Marsh channels; however,
effects of SWP and CVP operations on Delta SWRCB has not yet approved this
smelt. The biological opinions establish agreement. A salinity control structure (tidal
requirements for SWP and CVP operations gate) was completed on Montezuma Slough
that impose important constraints on Delta in 1988. D-1485 also directed Reclamation
water supply management to protect these and DWR to develop a plan to protect
listed species. These include requirements Suisun Marsh resources. D-1485 set water
for Delta inflow, Delta outflow, Delta Cross salinity standards for Suisun Marsh from
Channel (DCC) gate closure, QWEST flows October through May to preserve the area as
(i.e., net Delta outflows), and reduced export a brackish water tidal marsh and to provide
pumping because of specified incidental optimum conditions for plant production as
"take" limits. ("Take," as defined in ESA, food for waterfowl.
includes harassment of and harm to a
species, entrainment, directly and indirectly Bay-Delta Framework Agreement and Bay-
caused mortality, and actions that adversely Delta Accord
modify habitat.) In June 1994, a Bay-Delta Framework

Agreement was signed by the Federal
Central Valley Proiect Improvement Act of Ecosystem Directorate and the Governor’s
199.___~2 Water Policy Council of the State of
The Central Valley Project Improvement Act California. The framework established a
(CVPIA) dedicates 800,000 acre-feet per comprehensive program in the Bay-Delta
year (AF/yr) of water for fish and wildlife estuary for coordination and cooperation of
recovery, and mandates the acquisition of environmental protection and water supply.
additional water for fish and wildlife The Principles for Agreement, or Bay-Delta
purposes. Reclamation implemented interim Accord, was signed on December 15, 1994.
changes in its Delta operations during 1993 It addressed three major areas of agreement
and 1994, as recommended by USFWS, to including: formulation of a new Water
dedicate the 800,000 acre-feet per year. Quality Control Plan (WQCP) acceptable to
Long-term changes in CVP operations that both EPA and SWRCB, coordination of
may be required to satisfy CVPIA are being SWP and CVP operations in order to rapidly
evaluated by Reclamation and USFWS, and respond to environmental conditions in the
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Delta with an adaptive management WQCP depend on the previous month’s
approach, and implementation of a long-term Eight-River index runoff, the required
management approach integrating objectives outflow must be calculated for each
for water supply and environmental month.
protection.

¯ New electrical conductivity (EC) and
1995 Water.Quality Control Plan pulse-flow objectives were established
In March 1994, SWRCB initiated for the San Joaquin River at Vernalis.
development of new water quality standards
and released a draft version on December 15, ¯ Combined SWP and CVP Delta exports
1994 with the Bay-Delta Accord. SWRCB are limited to a percentage of the Delta
subsequently released an environmental river inflow (which does not include
report that documented the effects of rainfall). These percentages are 35
implementing the plan. The WQCP was percent from February through June and
adopted in May 1995 (1995 Water Quality 65 percent for the remainder of the year.
Control Plan) and incorporated several Export pumping during the pulse-flow
elements of EPA, NMFS, and USFWS period was limited to an amount
regulatory objectives for salinity and equivalent to the pulse flow during half
endangered species protection. The 1995, of April and half of May.
WQCP objectives are expected to be fully
implemented with a new water-fights Calif0rnia-Federal Operations Group
decision (to replace D-1485) within the next The 1994 Bay-Delta Framework Agreement
3 years. The major changes associated with established the California-Federal Operations
the 1995 WQCP in relation to the 1978 and Group (C-FOG) to coordinate SWP and
1991 WQCPs and associated D-1485 CVP operations and recommend changes in
requirements are as follows, combined Delta operations that might

provide additional fish protection and allow
¯ Water-year classifications are based on Delta exports with reduced fishery impacts.

the 40-30-30 Sacramento Valley Four- C-FOG was specifically charged with
River Index and the 60-20-20 San recommending operational changes based on
Joaquin Valley Four-River Index. The real-time fish-monitoring results to minimize
outflow requirements from February incidental take and satisfy other requirements
through June depend on the previous of ESA biological opinions. C-FOG was
month’s Eight-River Index runoff also charged with the exchange of
volume, information and the discussion of strategies

to implement fish protection measures,
¯ Delta outflow requirements are the satisfy 1995 WQCP water quality objectives,

combination of fixed monthly and cooperate with IEP to determine factors
requirements and estuarine habitat affecting Delta habitat and the health of
requirements (expressed in terms of fisheries and to identify appropriate
"X2," the position of the 2-parts-per- corrective measures for CVP and SWP.
thousand [2-ppt] salinity gradient).
Because the X2 requirements in the 1995

CALFED Bay-Delta Program Water Quality
Draft Affected Environment Technical Report September 2, 1997

3-5

C--003774
C-003774



Califomigt. Urban Water Agencies For fish tissue, the PAT recommended using
In December 1996, The California Urban National Academy of Sciences (NAS)
Water Agencies issued a report on Bay Delta guidance numbers as tissue targets for
Drinking Water Quality Criteria. The report mercury, DDT, PCBs, and Toxaphane. No
detailed the anticipated future regulatory recommendation was made regarding
scenario, treatment criteria for coagulation selenium tissue levels due to lack of NAS
and ozonation processes which potentially guidance criteria on selenium. Similarly, the
could be implemented by users of Delta PAT did not make recommendations for
water, and provided an estimate of source target levels of carbofuran, diazinon, and
water quality which would allow users chlorpyrifos. The Regional Board is in the
implementing the defined treatment process of developing a water quality
technologies to comply with the regulatory objective for carbofuran. The PAT made no
scenario. The source water quality recommendation on sediment targets because
characteristics were framed in the context of there are currently no Basin Plan objectives
total organic carbon and bromide or USEPA standards. The PAT
concentrations, recommended the use of the narrative

statements in the Basin Plans for establishing
For some parameters, particularly those targets for unknown toxicity. Table 3.1
affecting environmental beneficial uses, summarizes the required or desired source
source water quality regulatory standards, water quality for the CALFED water quality
objectives or criteria have been developed, parameters of concern.
In other cases, particularly at municipal and
agricultural water intakes, source water 3.1.3 Drinking Water Rules and
standards have not been developed. Regulations
However, stakeholders that represent these
beneficial uses have recommended ranges or Drinking water regulations primarily define
levels considered adequate for source water requirements for "treated" water quality
quality. (Parameter Assessment Team Input, versus the regulations/requirements noted
April 1997). above which define requirements for

"source" water quality. Following are the
In general, the Parameter Assessment Team regulatory water quality requirements for
(PAT) recommended that CALFED use drinking water.
Basin Plan objectives (Region 2 or 5 as
appropriate), and USEPA promulgated ~afe Drinking Water Act
National Toxics Rule or soon to be The Safe Drinking Water Act (SDWA) (PL
promulgated California Toxics Rule 99-339) was enacted by the United States
standards when developing water quality Congress and signed into law by the
targets to protect ecosystem health. This President in 1974. Through the SDWA, the
approach provides water column reference federal government gave the United States
targets for the Delta, Sacramento, and San Environmental Protection Agency (EPA) the
Joaquin rivers for cadmium, copper, authority to set standards for contaminants in
mercury, selenium, DDT, PCBs, Toxaphane, drinking water supplies. The SDWA was
ammonia, dissolved oxygen, and Turbidity reauthorized in August 1996. Amendments
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Table 3.1 CALFED Water Quality Parameters of Concern

Representative Numerical Standards, Criteria, Objectives or Su[~[[ested Ran{[es
Parameter Sacramento River San Joaquin River Delta
Bororl Water:

Agricultural Intakes:
< 0.7 mg/i

Cadmium Water: Water: Water~
River and Tributaries from above State Hwy 32 2.2 pg/! (4 day average) ~ Bast of Antioch Bridge:
bridge at Hamilton City: 4.3 lag/! (1 hour average) ~ 2.2 lig/! (4 day average) ~
0.22 lag/! I,cz 4.3 mg/i (1 hour average) i~

Sediment: z
Below Hamilton City: 5.0 ppm (dry weigh0 West of Antioch Bridge:
2.2 pg/l (4 day average) ’~ 1.1 pg/I (4 day average) x
4.3 pg/I (1 hour average) I’~ 3.9 pg/l (1 hour average) x

Sediment: z Sediment: ~
5.0 ppm (dry weight) 1.2 ppm (dry weight)

Copper Water: Water: Water:
River and Tributaries from above State Hwy 32 9.0 ~g/l (4 day average) ,~� East of Antioch Bridge:
bridge at Hamilton City: 5.6/~g/i ~ 13 ~g/l (1 hour average) ~ 10 lag/l (no hardness connection)

Below Hamilton City: Sediment: ~ West of Antioch Bridge:
10/~g/l (no hardness connection) ~d~ 70.0 ppm (dry weight) 6.5 I~g/i (4 day average) ~

9.2/~g/! (1 hour average) ~
Sediment: ~
70.0 ppm (dry weight) Sediment: ~

34.0 ppm (dry weigh0
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..... Representative Numerical Standards, Criteria, Objectives or Su{~{~ested Ranges
Parameter Sacramento River San Joaquin River Delta
Mercury Water: Water: Water:
(inorganic) 0.012 lag/i (4 day average) b~ 0.012 I~g/l (4 day average) b~ East of Antioch Bridge:

2.1 lag/! (1 hour maximum) ’~ 2.1 ~tg/l (1 hour maximum) "~ 0.012 ~tg/l (4 day average)
2.1 pg/l (1 hour maximum)

Sediment: z                                      e "S dlmen~;
0.15 ppm (dry weight) 0.15 ppm (dry weight) West of Antioch Bridge:

0.025 ~tg/i (4 day average) x
Td~t¢~i’y Tissue: i.y 2.4 l~g/! (1 hour average) x
0.5 [ag/grn (whole fish, wet weight) 0.5 ~tg/gm (whole fish, wet weight)

Sediment; z
0.15 ppm (dry weight)                          I~.

, 0.5 [t~/~n (whole fish, wet wei[[ht) I~.
Selenium Water: ~ Water:

20 lag/i (1 hour maximum) b°~ South of Merced River: East of Antioch Bridge:
5.0 ~tg/l (4 day average) ~’~ 20 ~tg/i ( 1 hour maximum) b~ 20 lag/i (1 hour maximum) ~

5.0 lag/1 (4 day average) ~ 5.0 pg/i (4 day average) b,~
Tissue: " I
4-12 ppm (fish, whole body, dry weight) North of Merced River: West of Antioch Bridge:
3-7 ppm (fish food items, food chain, dry weight) 12_rag!! (maximum)~.~ 20 ~tg/i (1 hour average) ~

5.0 lag/i (4 day average)~ 5.0 ~tg/l (4 day average) b~

Tissue:" Tissue: "
4-12 ppm (fish, whole body, dry weight) 4-12 ppm (fish, whole body, dry weight)

¯ 3-7 ppm (fish food items, food chain, dry weight) 3-7 ppm (fish food items, food chain, dry
weight)
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Representative Numerical Standards~ Criteria, Objectives or Su[[[[ested Ran[[es
Parameter Sacramento River San Joaquin River Delta
Zinc Water: Water: Water:

River and Tributaries from above State Hwy 32 120 ~g/i (4 day average) "~ East of Antioch Bridge:
bridge at Hamilton City: 120 ~tg/l (1 hour average) "~ 100 ~g/! (no hardness connection) ~
16 pg/i ~’~

Sediment; z West of Antioch Bridge:
Below Hamilton City: 120.0 ppm (dry weight) 106~tg]l (4 day average) x
100 ~tg/l (no hardness connection) ~* 117 lag/l (1 hour average) x

Sediment: z Sediment: ~
120.0 ppm (dry weight) 150.0 ppm (dry weight)

Carbofuran ~k Water: Water:
0.4 ~tg~/! (daily max. and total pesticide) h 0.4 la~/I (daily max. and total pesticide,) h 0.4 ~tg/l (daily max. and total pesticide) h

Chlordane Water: Water: Water."
2.4 pg/l (instantaneous max.) ~ 2.4 pg/l (instantaneous max.) ~ 2.4 pg/l (instantaneous max.) ~
0.0043 ~tg/l (4 day average, total pesticide) ~ 0.0043 lag/l (4 day average, total pesticide) ~ 0.0043 I~g/i (4 day average, total pesticide)

Sediment:" Sediment; ~ Sediment: z
7.1 ppm (d~ wei[[ht) 7.1 ppm (dr~ weight) 7.1 ppm (dry, wei[~ht)

Chlorpyrifos ~m Wat~r:m ~�.17.~m
0.02 ittg/l (4 day avera[[e, total pesticide) ~* 0.02 las/l (4 day avera[[e,total pesticide) ~* 0.02 las/i ~4 day averal[e,total pesticide) ~

Diazinon Water: Water: 5y_at~~
0.08 ~tg/i (1 hour average,total pesticide)t 0.08 l~g/l (1 hour average,total pesticide)| 0.08 ~tg/l (1 hour average,total pesticide)|
0.04 p~/! (4 day avera[e, total pesticide)| 0.04 la~/I (4 day avera[[e, total pesticide)~ 0.04 pg/l (4 day average, total pesticide)~
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Representative Numerical Standards, Criteria, Objectives or Suggested Ran[es
Parameter Sacramento River San Joaquin River Delta
DDT Water: "V~Cater: Water:

1.1 iag/i (instantaneous max., total pesticide) ° 1.1 lag/! (instantaneous max., total pesticide) ~ East of Antioch Bridge:
0.001 lag/l (4 day average, ,total pesticide) ~ 0,001 lag/l (4 day average, ,total pesticide) ~ 1.1 lag/l (instantaneous max., total pesticide)

0.001 ~g/l (4 day average, ,total pesticide) ¯
~Y Tissue: o.y
1 ttg/i (whole fish, wet weight) 1 lag/I (whole fish, wet weight) West of Antioch Bridge:

1.1 ttg/l (instantaneous maximum)
0.001 ttg/l (24 hour average)

~Y

1 laB/! (whole fish, wet wei[~ht)
13CB’ s Water: Water: Water:_ O’~

0.014 Itg/l (4 day average) ~ 0.014 lag/I (4 day average) ~ East of Antioch Bridge: I~.
(each of 7 congeners) (each of 7 congeners) 0.014 ttg/l (4 day average) ~ I~.

~ (each of 7 congeners) ~’. Sediment: z Sediment: z
~ 50 ppm (dry weight, total) 50 ppm (dry weight, total) West of Antioch Bridge: ~

0.014 ~tg/l (24 hour average) ~

0.5 ~tg/i (whole fish, wet weight, total) 0.5 ltg/l (whole fish, wet weight, total) Sediment: ~
50 ppm (dry weight, total) �0

~Y

0.5 ttg/l (whole fish, wet weight, total)
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Representative Numerical Standards, Criteria~ Objectives or Su[[i[ested Ranges
,,,Parameter Sacramento River, San Joaquin River Delta
Toxaphene Water.’. ~ Water_:

0.73 lag/l (1 hour average) ~ 0.73 lagtl (1 hour average) ~ East of Antioch Bridge:
0.0002 pg/i (4 day average) ~ 0.0002 lag/l (4 day average) ~ 0.73 lag/! (1 hour average) ~

0.0002 lag/i (4 day average)

0.1 ~tgtl (whole fish, wet weight) 0.1 lagtl (whole fish, wet weight)
(sum of 9 organochiorine insecticides) (sum of 9 organochlorine insecticides) West of Antioch Bridge:

0.0002 iag/l (4 day average)

~Y

0.1 lag/! (whole fish, wet weight)
(sum of 9 or[[anochlorine insecticides~

pH Water."
(Alkalinity Agricultural Intakes:

CO,Q < 1.5 me/las Ca

Ammonia Water: Water: Water:
0.08 - 2.5 lttg/i (4 day average) e.p 0.08 - 2.5 lag/i (4 day average) ~’p East of Antioch Bridge:
0.58 - 35 ~tg/l (1 hour average) ~’p 0.58 - 35 ~tg/l (1 hour average) ~’p 0.08 - 2.5 lag/! (4 day average) ~’p

0.58 - 35 ~tg/! (1 hour average) e~

West of Antioch Bridge:
0.025 ttg/i (annual median)

, 0.16 ~ag/i (maximum)
Bromide .Water:

, Drinking Water Intakes:
<50 ~tg./l u.~.a

TOC Water:.
Drinking Water Intakes:
<3 mg/! u~
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....... Suggested Ranges
Parameter, Sacramento River San,Joaq ,u, in River Delta
Chloride Water:

Agricultural Intakes:
For surface irrigation:
SAR: < 3 ~

For sprinkle irrigation:
<3 me/i

Drinking Water Intakes:
250 mg/i ii

Nutrients Water:
(Nitrate) Agricultural Intakes:

< 5.0 mg/I

~,~ Ddnking Water Intakes:
’ 10 mg/l ~; no increase in nitrate levels’*’*~ Salinity Water."

(ECw) East of Antioch Bridge:

West of Antioch Bridge:

Agricultural Intakes:
< 0.7 dS/m or mmho/cm ~

SAR:ECwff Water:
relationship Agricultural Intakes:

SAR EC~.
0 - 3 >0.7
3-6 >1.2
6 - 12 > 1.9
12 - 20 > 2.9
20-40 >5.0
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Su{[{[ested Ran{[es
iParameter Sacramento River San Joaquin River Delta
Salinity Water: Water: Water:
(TDS) East of Antioch Bridge:

West of Antioch Bridge:

Agricultural Intakes:
< 450 mg/l

Drinking Water Intakes:
500 mg/i ii; <220mg/L (10-yr avg);
<440m~.~ (monthly ave)

Dissolved Water." Water:
Oxygen Keswick Dam to Hamilton City, June 1 to August Between Turner Cut and Stockton, September 1 All Delta waters west of Antioch Bridge:

31: through November 30: 7000 pg/i (minimum) d0x
9000 pg/l d,~ 6000 pg/! d

All Delta waters:
Below I Street Bridge: 5000 lag/l d
7000 pg!ld

Pathogens                                                                                       Water.’.
Drinking Water Intakes:
no MCL standard r~; <1 oocyst/100L for
Giardia and Cryptosporidium*~

Temperature Water: Water: - Water:
Keswick Dam to Hamilton City: At Vemalis: West of Antioch Bridge:
< 56= F d,u , < 68=F d,v < 5~C increase above for receiving water

designated as cold or warm freshwater habitat.
Hamilton City to I Street Bridge: Alteration of temperature shall not adversely
< 68~F d.u affect beneficial uses.

I Street Bridge to Freeport: Agricultural Intakes:
< 68~F

I Street Bridge to Freeport, January 1 through
March 31 :< 66~F d.,~
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Turbidity Water~
West of Antioch Bridge:
No adverse effect or > 10 % change

Drinking Water Intakes:
0.5 or 1.0 NTU ~; 50 NTU~

Agricultural Intakes:

Unknown Water:
Toxicity t West of Antioch Bridge:

Acute- A median of not less than 90 % survival
and a 90 percentile of not less than 70 %
survival
Chronic - no chronic toxicity in ambient waters

a dissolved form
b total recoverable form
c The effects of these concentrations were measured by exposing test organisms to dissolved aqueous solutions of 40 mg/l hardness that had been filtered through a 0.45

micron membrane filter. Where deviations from 40 mg/l of water hardness occur, the objectives, in mg/l shall be determined using the following formulas:
Cu = e (o.9o~X~nh~a~)_ 1.612 X 103
Zn = e ~0.s30xln b,~,) _ 0.289 X 103
Cd = e ~Ll~x~,,~,~,,) _ 5.777 X 10~
~ Central Valley Regional Water Quality Control Plan
� General EPA 304(a) guideline
~ Within the next year the State Water Resources Control Board or EPA will promulgate/adopt objectives which are hardness dependent. The adoption language is
likely to contain a clause saying that the most stringent objective applies. Sometimes the 10 lag/l objective will be more stringent and at other times the new rule will be
more stringent.
~ Similar to the objectives for copper, we expect the State Water Resources Control Board or EPA to promulgate new objectives within the next year which will be more
stringent than current objectives.
h The Central Valley Regional Water Quality Control Board expects to adopt an objective for carbofuran within the next year. The objective will probably be very
similar to the performance goal.
~ Water quality limited segments for mercury in fish tissue occur in the Sacramento River and Delta.
~ Water quality limited segments for selenium in the water column from Salt Slough to Vernalis on the San Joaquin River.
~ Lower Sacramento River is a water quality limited segment for carbofuran.
I California Department of Fish and Game acute (1 hour) and chronic (4 day) hazard assessment criteria.
m Sacramento River, San Joaquin River, and Delta water quality limited segments for chlorpyrifos.

" Sacramento River, San Joaquin River, and Delta water quality limited segments for diazinon.
o San Joaquin River water quality limited segment for DDT in tissue.

P Values are a function of pH, temperature, and designation of water body as cold or warm water beneficial use.
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q When natural conditions lower dissolved oxygen below this level, the concentrations shall be maintained at or above 95% of saturation.
r Except those water bodies which are constructed for special purposes and from which fish have been excluded or where the fishery is not important and a beneficial

USe.

~ Southern Delta around Stockton is a water quality limited segment for dissolved oxygen.
t Bioassay results or other special studies demonstrate toxicity. Sacramento River, San Joaquin River, and Delta are water quality limited segments for "unknown

toxicity".
~ The temperature shall not be ele’~ated above 56BF in the reach form Keswick Dam to Hamilton City nor above 68BF in the reach from Hamilton City to I Street Bridge
during periods when temperature increases will be detrimental to the fishery.
v The daily average water temperature shall not be elevated by controllable factors above 68~F from the I Street Bridge to Freeport on the Sacramento River, and at

Vernalis on the San Joaquin River between April 1 through June 30 and September 1 through November 30 in all water year types.
’~ The daily average water temperature shall not be elevated by controllable factors above 66BF from the I Street Bridge to Freeport on the Sacramento River between
January 1 through March 31.
x San Francisco Regional Water Quality Control Board objectives at 100 rag/1 hardness. Formulas for calculating objectives for varying hardness levels are as follows:
Cd : e (0.T852H-3Ag0) (4 day average)

~-- e (1.128H-3.828) (1 hour average)
Cu = e ~o.s545u- ~.~65) (4 day average)

e (0.9422H- 1.464) (1 hour average)
Zn = e ~o.s473H+0.76~4) (4 day average)

= e (0.8473H+0.8604) (1 hour average)
Y National Academy of Sciences (NAS)-National Academy of Engineering 1973
~ Effect range-low (ERLs) concentrations
~" San Luis Drain Reuse, Technical Advisory Committee Selenium ecological risk guidelines
bb For surface irrigation, most tree crops and woody plants are sensitive to sodium and chloride, use the values shown. Most annual crops are not sensitive, use the

salinity tolerance in Ayers and Westcot or equivalent.
~ SAR means sodium adsorption ratio. SAR is sometimes reported by the symbol RNa.
~ For overhead sprinkle irrigation, and low humidity (< 30%), sodium and chloride greater than 70 or 100 mg/l, respectively, have resulted in excessive leaf adsorption
and crop damage to sensitive crops, see Ayers and Westcot.
~ EC,~ means electrical conductivity of irrigation water, reported in mmho/cm or dS/m.
f~ At a given SAR, the infiltration rate increases as salinity EC, increases. To evaluate a potential permeability pr.oblem examine SAR and EC~, together.
u Value arrived at in discussion with California Urban Water Agencies (CUWA)
hh Bromide value is predicated on the assumption that the MCL for Bromate will be 5 lag,/l.
ii U.S. EPA Secondary MCL. 1995.

~ U.S. EPA Current MCL. 1995.
u U.S. EPA requires removal of 99.9 % of Giardia and 99.99% of viruses during water treatment.
n Target level based on the CUWA Expert Panel Report recommendations (Bay-Delta Water Quality Criteria, December 1996). Expert panel assumed future drinking
water regulatory scenario for disinfection by-product (DBP) control and inactivation of Giardia and Cryptosporidium based on the proposed Stage 2 D/DBP Rule and
Proposed Enhanced Surface Water Treatment Rule (ESWTR).
The bromide target level is constrained by the formation of bromate when using ozone to inactivate Cryptospoddium.
mmNutrients are a critical reservoir management issue. Nutrient levels are a determining factor governing the growth of taste- and odor-producing algae in water storage
reservoirs. SWP supplies are nitrogen-limited; however, phosphorous is present in great excess. This is a problem with respect to the growth of blue-green algae,
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which can fix their own nitrogen. Water quality impacts of nutrients are driven by reservoir management issues as opposed to human health effects; as a result, use
of the MCL for nitrate (as N) of 10 mg/L is not appropriate.
nn Desirable target levels are based on likely future regulatory scenarios under the ESWTR that will base required levels of pathogen removal/inactivation treatment on

pathogen density in source water. Future regulations may require additional log removal requirements for Cryptosporidium. Increasing treatment for removal of
pathogens makes it more difficult to control the formation of DBPs. To balance disinfection requirements for controlling pathogens with the production of DBPs,
selection of a Bay-Delta alternative should not result in degraded water quality necessitating increased removal requirements for pathogens.
® Target levels for TDS would allow compliance with the TDS objectives contained in Article 19 of the SWP Water Service Contract. The average TDS levels in SWP
supplies over the last ten years have consistently exceeded the 220 mg/L (10-year average) SWP objective. The 10-year averaging period for the 220mg/L objective
is too long to be sufficiently protective of source water quality. MWD staff are currently exploring the development of appropriate alternative TDS objectives for
shorter time frames (i.e., 1 Year and 6 month averages) and will forward that information to CALFED when available. The SWP TDS objective of 440mg/L (monthly
average) is a problem for water resource management programs, especially in the months of April and September, and there is a real need to reduce peaks in TDS in
SWP supplies. Consistently low TDS levels are needed to minimize the following salinity-related impacts: Increased demand for Delta water supplies when such
water is used to blend with other higher salinity water sources; Adverse impacts on water recycling and groundwater replenishment programs, which depend on Delta
water supplies to meet local resource program salinity objectives. Failure to develop local resource programs may result in increased demand on Delta exports;
Economic impacts on industrial, residential, and agricultural water users.
PP Target level based on the COWA Expert Panel report recommendations (Bay-Delta Drinking Water Quality Criteria, December 1996). Expert panel assumed future
drinking water regulatory scenario for DBP control and inactivation of Giardia and Cryptosporidium based on the proposed Stage 2 D/DBP Rule and proposed
ESWTR. The proposed D/DBP Rule requires increased levels of TOC removal as TOC concentrations in source waters increase. The recommended TOC target
level is constrained by the formation of total trihalomethanes when using enhanced coagulation for TOC removal and free chlorine to inactivate Giardia.
qq Reduced variability in turbidity is needed to improve treatment plant performance. When source water turbidity increases, water is more difficult and costly to treat.
Also, increased turbidity reduces protection from pathogens because turbidity interferes with disinfection.
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were developed to provide more flexibility, health of persons would occur, and which
more state responsibility, and more allows an adequate margin of safety.
cooperative approaches. The law changes MCLGs are non-enforceable health goals
the standard setting procedure for drinking and are strictly health based. The derivation
water and establishes a State Revolving Loan of MCLGs does not include a technological
Fund to help public water systems to or economic evaluation.
improve their facilities and ensure
compliance with drinking water regulations. Action Levels (ALs) are health-based
Under the provisions of the SDWA, the numbers which take into account analytical
Czlifomia Department of Health Services detection levels. They are interim guidance
(DHS) has the primary enforcement levels which may trigger mitigation action on
responsibility. Title 22 of the California the part of a water purveyor. Public
Administrative Code establishes DHS notification is not required when an AL is
authority and stipulates drinking water exceeded, but may be recommended by the
quality and monitoring standards. To Department of Health Services. An AL is
maintain primacy, a state’s drinking water dropped once an MCL is promulgated and
regulations can be no less stringent that the final.
federal standards.

The Phase I Rule was promulgated in 1987
National Primary. Drinking Water Standards and established MCLs, MCLGs, and BATs
The National Primary Drinking Water for eight volatile organic chemicals (VOCs).
Standards or Maximum Contaminant Levels Phase II &IIB Rules were promulgated in
(MCLs) are the maximum permissible levels 1991 and regulated an additional 16
of contaminants in water which enter the synthetic organic chemical (SOCs), 10
distribution system of a public water system, VOCs, and 7 inorganic chemicals (IOCs).
except in the case of bacteriological quality Phase II &IIB Rules contain MCLs,
and trihalomethanes where the MCLs are MCLGs, and treatment techniques for these
measured within the distribution system, chemicals. The Phase V Rule was
The federal and State MCLs are enforceable promulgated in 1992 and regulates 13 SOCs,
and must be met by appropriate public 5 IOCs, and 3 VOCs. Phase V established
drinking water systems. The MCLs are MCLGs, MCLs, laboratory criteria, and
generally derived by balancing the BAT for these 23 contaminants.
technologic and economic concerns that are
directly related to the use of water for National Secondary. Drinking Water
domestic supplies. Health effects Regulations
information is developed in the risk National Secondary Drinking Water
assessment process as part of the derivation Regulations (NSDWR) or Secondary
of the MCLs. Maximum Contaminant Levels (MCLs) were

established by the EPA in 1979 and 1991.
National Maximum Contaminant Level The secondary MCLs are maintained to
Goals (NCLG) mean the maximum level of a protect public welfare and to assure a supply
contaminant in drinking water at which no of pure, wholesome, and potable water.
known or anticipated adverse effect on the They are applied at the point of delivery to
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the consumer and generally involve more than 10 percent of these samples
protection of the taste, odor, or appearance contain greater than the AL of 0.015 rag/1 for
of drinking water. Federal secondary MCI_s lead, or 1.3 mgO for copper, three required
are nonenforceable. However, state actions must initially be taken. These
secondary MCLs are enforceable for all new requirements are corrosion control
systems and new sources developed by treatment, source water treatment, and
existing systems. In California the public education. The Lead and Copper
Department of Health Services regulates and Rule eliminated the lead MCL and the
enforces secondary standards. Public secondary copper MCL.
notification is required if the 2.0 mg/1
secondary standard for fluoride is exceeded. Federal Surface Water Treatment Rule

The Surface Water Treatment Rule (SWTR)
Trihalomethane Regulations was promulgated by the EPA in June 1989.
These regulations apply to all public water The SWTR was promulgated to protect
systems serving populations greater than against Giardia lamblia, viruses, Legionella,
10,000. Large sized utilities were required and heterotrophic bacteria in U.S. surface
to begin monitoring for total trihalomethanes drinking water sources and in groundwater
O’THMs) in November 1980. The sources influenced by surface water. These
regulation established an MCL of 100/~g/L five contaminants were included on the list of
for TTHMs in the distribution system. 83 contaminants to be regulated by the EPA
TTHMs include the summation of according to the 1986 SDWA Amendments.
chloroform, bromodichloromethane, Water systems with clean and protected
dibromochloromethane, and bromoform source waters meeting the source water
concentrations. Because THMs form as a quality and site specific criteria may not have
result of the application of the disinfectant, to filter if they meet the disinfectant contact
compliance with the MCL is based on a time criteria continuously. For those that
running annual average of at least four must filter, June 1993 was the deadline to
representative sampling points for each meet filtration requirements and performance
treatment plant with 25 percent of the criteria for both turbidity and disinfection.
samples taken at locations within the
distribution system representing the The SWTR requires all utilities with a
maximum residence time of water in the surface water supply or a ground water
system, and with at least 75 percent of the supply under the influence of a surface water
samples being collected from representative supply, to provide adequate disinfection and,
sites in the distribution system (considering under most condition~, to provide filtration.
number of persons served, sources of water, Exemptions from filtration of surface water
and treatment methods), supplies are provided in rare occasions

where the source water supply meets
Federal Lead and Copper Rule extremely rigid requirements for water
The final Lead and Copper Rule was quality and the utility possesses control of

. promulgated by the EPA in 1991 (56 FR the watershed. Each utility must also
26460). The fn’st flush water samples from perform a watershed sanitary survey at least
consumers’ taps are to be monitored. If
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every five years, according to California state that are killed by disinfection. In 1992, the
law. EPA initiated a rule-making process. The

negotiators consisted of State and local
EPA proposed an Enhanced Surface Water health and regulatory agency staff, elected
Treatment Rule as an amendment to the officials, consumer groups, environmental
Surface Water Treatment Rule in July 1995. groups, and representatives of public water
The purpose of the amendment is to provide systems. The "Reg-Neg" process resulted in
additional protection against disease causing a two-stage approach for regulation
organisms such as Giardia Lamblia, development.
Cryptosporidium parvura, and viruses in
drinking water. The ESWTR outline several Stage One of regulation is the draft
alternatives for treatment requirements based Disinfectant/Disinfection By-products Rule
on source water concentrations for these (D/DBPR), which was proposed by the EPA
pathogens, in 1994. Stage 1 regulations are expected to

be promulgated in 1998. Compounds
California Surface Water Treatment affected under the first stage of the D/DBPR
Regulations are total triahalomethanes, total haloacetic
State surface water treatment regulations are acids, total organic carbon, bromate,
the result of a series of amendments to the chlorine, chloramines, chlorine dioxide, and
National Primary Drinking Water chlorite.
Regulations. The State regulations, which
are found in Title 22 of the California Code In Stage Two, EPA will collect data on
of Regulations became effective in 1991. parameters that influence DBP formation and
Like the federal rule, the State required occurrence of DBPs in drinking water
multi-barrier treatment for microbiological through the Information Collection Rule
contaminants, effective June 1993. Unlike process. Based on this information and new
the federal rule, all public water systems in data collected from research, EPA will
California must filter all their surface water reevaluate the Stage 1 regulations and make
and the part of their ground water that is changes as necessary.
under the influence of surface water. Due to
high implementation costs, this aspect of the .Federal Total Coliform Rule
regulation may be amended in the future to The Total Coliform Rule became effective in
allow qualifying systems to avoid filtration. 1990. The Rule establishes microbiological

standards and monitoring requirements
Disinfectants/Disinfection By-products Rule which apply to all public water systems.
The 1986 amendments to the federal Safe Compliance is based on the presence or
Drinking Water Act require that the EPA absence of total coliforms in a sample, rather
propose a rule for disinfectants and than on an estimate of coliform density.
disinfection by-products. The rule must
balance the need for protection from cancer- California Total Coliform Regulations
causing chemicals (the by-products) with the The State of California has analogous total
need for protection from pathogenic coliform regulations which are found under
microbes (bacteria, viruses, and protozoans) Title 22, Chapter 15 of the California Code
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of Regulations. DHS has set an enforceable The majority of mine drainage problems are
drinking water standard for total coliforrns, either directly or indirectly associated with
identical to that of the federal rule. the mining of gold or base metals. The

Central Valley Regional Water Quality
A list of contaminants currently regulated for Control Board (CVRWQCB) currently
drinking water by both the EPA and DHS is manages 94 inactive mines under Waste
presented in Table 3.2. The table identifies Discharge Requirement (WDR) and NPDES

. the federal regulation and the section of the permitting programs. Sampling during the
regulation, as well as the MCL or treatment period of 1987 through 1992 indicates that
technology associated with each 80 percent of cadmium, 72 percent of zinc
contaminant. At the State level, the and 73 percent of copper in the Sacramento
California DHS has promulgated regulations River comes from past mining activities.
for a number of contaminants at levels below
the EPA MCLs. The greatest concentration of mines can be

found around Shasta Lake, with Iron
Mountain Mine complex being considered

3.2 HISTORICAL PERSPECTIVE the largest source in the Central Valley.
Other mines can be found in the western

3.2.1 Parameters ot~ Concern slope foothills of the Sierra Nevada
Mountains. The most notable mines are the

Metals & Toxic Elements Penn, Walker, Cherokee and Newton Mines.

Heavy metals originate primarily from rocks Cadmium. Copper. and Zinc
and minerals, mining activities, and The Delta receives the majority of its metals
discharges of municipal and industrial loadings from historical mining activities in
wastes. Residues from heavy metals may upstream watersheds. The sources of mining
produce serious pollution problems in the wastes along Spring Creek in the upper
Delta because of toxic effects on fish and Sacramento River watershed contribute large
other aquatic organisms and may loads of chromium, cadmium, copper, nickel,
bioaccumulate in biological tissues. These and zinc to the upper Sacramento River
residues can be measured in water, soils, (California Department of Water Resources,
sediments, and organisms that inhabit Delta 1994a). The Iron Mountain Mine, in
channels. The detection of a particular particular, contributes most of the cadmium,
compound depends on its persistence and copper, and zinc transported in the
mobility in the environment, as well as its Sacramento River.
source characteristics. SWRCB has
characterized cadmium, copper, mercury, Urban and industrial runoff can also
and zinc as pollutants of concern because contribute significant loadings of copper and
their widespread or repeated detection zinc. For example, urban runoff in the
indicates their potential to cause adverse Central Valley and the Bay Area has
effects on beneficial uses in the estuary exhibited toxicity to the test algal organism,
(California State Water Resources Control Selanastrum. TIE studies with this species
Board, 1990).
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TABLE 3.2 SUMMARY OF CONTAMINANTS
CURRENTLY REGULATED BY EPA AND DHS

Classification Contaminant Regulation MCL (m[/L)

Inorganics (Section 64432)
Aluminum DHS I
Antimony Phase V 0.006
Arsenic NPDWR 0.05
Barium Phase II 1"
Beryllium Phase V 0.004
Cadmium Phase II 0.005
Chromium Phase II 0.05*
Cyanide Phase V 0.2
Fluoride NPDWR 1.4 to 2.4*
Lead LCR 0.015"*
Mercury Phase II 0.002
Nickel Phase V 0.1’***
Selenium Phase II 0.05
Thalium Phase V 0.002

Nitrate, Nitrite (Section 64432.1)
Nitrate Phase 1I 45 (as N03)
Nitrite Phase II 1 (as N)

Asbestos (Section 64432.2)
Asbestos Phase II 7 MFL

Secondary Standards (Section 64449, Table 64449-A)
Aluminum DHS 0.2
Color DHS 15 Units
Copper LCR 1.0"*
Corrosivity DHS non-corrosive
Foaming Agents DHS 0.5
Iron DHS 0.3
Manganese DHS 0.05
Odor-Threshold DHS 3 Units
Silver DHS 0.1
Thiobenearb DHS 0.001
Turbidity SWTR 0.5/5 NTU
Zinc DHS 5

Secondary Standards (Section 64449, Table 64449-B)
Total Dissolved Solids DHS 500/1,000/1,500"**
Specific Conductance DHS 900/1,600/2,200"**
Chloride DHS 250/500!600"**
Sulfate DHS 250/500/600"**
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TABLE 3.2 SUMMARY OF CONTAMINANTS
CURRENTLY REGULATED BY EPA AND DHS

o                Classification            Contaminant            Rel~allation       MCL (mg/L)
General Mineral (Section 64449 (c) (2))

Bicarbonate DHS MO
Carbonate DHS MO
Hydroxide DI-IS MO
Alkalinity DHS MO
pH DHS MO
Calcium DHS MO
Magnesium DHS MO
Sodium DHS MO
Hardness DHS MO

Volatile) Organic Chemicals (Section 64444, Table 64444-A (a))
Benzene Phase I 0.001’
Carbon Tetrachlodde Phase I 0.0005*
o-Dichlorobenzene Phase II 0.6
p-Dichlorobenzene Phase I 0.005*
1,1-Diehloroethane DHS 0.005
1,2-Dichloroethane Phase I 0.0005*
1,1-Dichloroethylene Phase I 0.006*
cis- 1,2-Dichloroethylene Phase II 0.006*
trans- 1,2-Dichloroethylene Phase II 0.010’
Dichloromethane Phase V 0.005
1,2-Dichloropropane Phase II 0.005
1,3-Dichloropropene DHS 0.0005
Ethylbenzene Phase II 0.7
Monochlorobenzene Phase II 0.07*
Styrene Phase II 0.1
1,1,2,2-Tetrachloroethane DHS 0.001
Tetrachloroethylene Phase II 0.005
Toluene Phase II 0.15"
1,2,4-Tdehlorobenzene Phase V 0.07

1,1,1-Tdehloroethane Phase I 0.2
1,1,2-Trichloroethane Phase V 0.005
Tdchloroethylene Phase I 0.005
Tdchlorofluoromethane DHS 0.15
1,1,2-Tdchloro-l,2,2-Tdflouroethane DHS 1.2
Vinyl Chloride Phase I 0.0005*
Xylenes (total) Phase II 1.75"

~on-Volatile Synthetic) Organic Chemicals (Section 64444, Table 64444-A (b))
Acrylamide Phase II TT (PAP)
Alachlor Phase II 0.002
Atrazine Phase II 0.003
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TABLE 3.2 SUMMARY OF CONTAMINANTS
CURRENTLY REGULATED BY EPA AND DHS

Classification Contaminant Re~lation MCL (m~/L)
Bentazon DHS 0.018
Benzo(a)pyrene Phase V 0.0002
Carbofuran Phase II 0.018"
Chlordane Phase II 0.0001"
2,4,-D Phase II 0.07
Dalapon Phase V 0.2
Dibromochloropropane Phase II 0.0002
Di (2-ethylhexyl) Adipate Phase V 0.4
Di (2-ethylhexyl) Phthalate Phase V 0.004*
Dinoseb Phase V 0.007
Diquat Phase V 0.02
Endothall Phase V 0.1
Endrin Phase V 0.002
Epichlorohyddn Phase II TT (PAP)
Ethylene Dibromide Phase II 0.00005
Glyphosate Phase V 0.7
Heptachlor Phase II 0.00001"
Heptachlor Epoxide Phase II 0.00001’
Hexachlorobenzene Phase V 0.001
Hexachlorocyclopentadiene Phase V 0.05
Lindane Phase II 0.0002
Methoxychlor Phase II 0.04
Molinate DHS 0.02
Oxamyl (vydate) Phase V 0.2
Pentachlorophenol Phase II 0.001
Pieloram Phase V 0.5
PCBs Phase H 0.0005
Simazine Phase V 0.004
Thiobenearb DHS 0.07
Toxaphene Phase II 0.003
2,3,7,8-TCDD (Dioxin) Phase V 3.00E-08
2,4,5-TP (Silvex) Phase H . 0.05

Unregulated (Volatile) Organic Chemicals (Section 64450, Table 64450-A)
Bromobenzene Phase I MO
Bromodiehloromethane Phase I MO
Bromoforrn Phase I MO
Bromomethane Phase I MO
Chlorodibromomethane Phase I MO
Chloroethane Phase I MO
Chloroform Phase I MO
Chloromethane Phase I MO
o-Chlorotolulene Phase I MO
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TABLE 3.2 SUMMARY OF CONTAMINANTS
CURRENTLY REGULATED BY EPA AND DHS

Classification Contaminant Regulation MCL (m~/L)
p-Chlorotoluene Phase I MO
Dibromomethane Phase I MO
m-Dichlorobenzene Phase I MO
Dichlorodifluoromethane DHS MO
1,3-Dichloropropan~ Phase I MO
2,2-Dichloropropane Phase I MO
I, 1-Dichloropropene Phase I MO
I, l, 1,2-Tetrachloroethane Phase I MO
1,2,3-Tdchloropropane Phase I MO

Unregulated Organic Chemicals (Section 64450, Table 64450-B)
Bromacil DHS MO (if vulnerable)
Bromochloromethane DHS MO (if vulnerable)
n-Butylbenzene DHS MO (if vulnerable)
sec-Butylbenzene DHS MO (if vulnerable)
tert-Butylbenzene DHS MO (if vulnerable)
Chlorothalonil DHS MO (if vulnerable)
Diazinon DHS MO (if vulnerable)
Dimethoate DHS MO (if vulnerable)
Diuron DHS MO (if vulnerable)
Hexachlorobutadiene DHS MO (if vulnerable)
Isopropylbenzene DHS MO (if vulnerable)
p-Isopropyltoluene DHS MO (if vulnerable)
Naphthalene DHS MO (if vulnerable)
n-Propylbenzene DHS MO (if vulnerable)
Prometryn DHS MO (if vulnerable)
1,2,3-Trichlorobenzene DHS MO (if vulnerable)
1,2,4-Trimethylbenzene DHS MO (if vulnerable)
1,3,5-Trimethylbenzene DHS MO (if vulnerable)

Unregulated Organic Chemicals (Section 64450, Table 64450-C)
Aldicarb Phase II 0.003
Aldicarb Sulfone Phase 17 0.002
Aldiearb Sulfoxide Phase II 0.004
Aldrin Phase 17 MO
Butachlor Phase 17 MO
Carbaryl Phase 17 MO
Dieamba Phase 17 MO
Dieldrin Phase 17 MO
3-Hydroxycarbofuran Phase 17 MO
Methomyl Phase II MO
Metolaehlor Phase II MO
Metribuzin Phase II MO
Propaehlor Phase II MO
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TABLE 3.2 SUMMARY OF CONTAMINANTS
CURRENTLY REGULATED BY EPA AND DHS

Classification Contaminant Regulation MCL (m~L)

Natural Radioactivity (Section 64441)
Gross Alpha Particle Activity NPDWR 15 pCi/L
Radium 226 & 228 NPDWR 5 pCi/L
Uranium DHS 20 pCi/L

Man-Made Radioactivity (Section 64443)
Tritium DHS 20,000 pCi/L
Strontium-90 DHS 8 pCi/L
Gross Beta Particle Activity NPDWR 50 pCFL

Microbial
Giardia Lamblia SWTR 3-1og Reduction
Heterotrophic Plate Counts SWTR <500/mL
Legionella SWTR
Viruses SWTR 4-Log Reduction
Disinfectant Residual SWTR 0.2
Fecal Coliform TCR
E. Coli TCR <5% monthly samples pos.
Total Coliforn TCR <5% monthly samples pos.

YI’ - Treatment Technology
PAP - Polymer Addition Practices
MO - Monitored Only
* - DHS MCL lower than EPA
** - Action Level
i*** "Recommended/Upper/Short Term MCLs
****- DHS MCL lower than EPA, EPA remanded in 1995
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identified copper, zinc, and the herbicide further when drainage return flows are
diuron as causing toxicity, stored in surface impoundments for long

periods, or when irrigated land is
Mercury inadequately drained.
Large amounts of mercury were used in the
processing of gold, and river flows Selenium is primarily an environmental
originating in historical gold-mining areas concern. In 1983, high rates of waterfowl
continue to contribute mercury to Delta death and deformity were observed at the
waterways. Natural deposits of mercury that Kesterson National Wildlife Refuge and were
were mined in the Cache Creek basin are attributed to toxic concentrations of
suspected to contribute high loadings of selenium in concentrated agricultural
mercury to Delta waters, drainage. There is continued concern over

San Joaquin River selenium transport from
Mercury is of concern from an environmental irrigated farm lands and industrial discharges
and human health perspective. During a of selenium into the Delta, as well as refinery
peak storm period in 1995, mercury levels at releases in the Suisun Bay area.
the Creek’s outfall at the Yolo Bypass were
measured at 695 parts per trillion. (Pers. Organics/Pestiddes
com., Bill Croyle, CVRWQCB) The EPA
water quality criteria is 12 parts per trillion Residues from organic pesticides and
total mercury. SWRCB biennial water herbicides may produce serious pollution
quality assessments lists 48,000 acres of problems in the Delta because of toxic
Delta waterways as impaired because of fish effects on fish and other aquatic organisms
consumption advisories for mercury and may bioaccumulate in biological tissues.
(California State Water Resources Control Similar to heavy metals, organic pesticides
Board, 1992, 1994). A health advisory for are detected in a variety of sample types,
the consumption of striped bass from the depending on the persistence and mobility of
Delta because of elevated levels of mercury the particular compound. SWRCB biennial
in fish tissues has been in effect since the water quality assessments list Delta
mid-1970s, waterways as impaired because of elevated

Chlorpyrifos and Diazinon. Toxicity
Selenium Identification Evaluation (TIE) studies of
Selenium is an inorganic constituent of soils urban runoff have linked observed toxicity
found in alluvium derived from rocks that with the presence of Chlorpyrifos and
originate on the ocean floor. (The chemical Diazinon. Urban runoff in the Central
forms and characteristics of selenium are Valley and the Bay Area has exhibited acute
listed in Table 3.3.) It is particularly evident toxicity to the test organism, Ceriodaphnia.
in the soils of the west side of the San Both of these pesticides are widely available
Joaquin River basin. Relative to irrigation and have been detected simultaneously in
water, salts containing selenium tend to urban creeks throughout the CALFED
concentrate by 2 to 5 times in agricultural problem and solution areas. They are found
drainage. Selenium is leached out of soils as in urban creeks throughout the year, but
a result of irrigation, and concentrates concentrations peak during the orchard
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Table 3.3 Selenium: Chemical Forms and Characteristics

Valence Inorganic or
State Commons Forms Organic Solubility in Water Toxicity" Remarks

Se+6 Selentate ion (S~04"2) Inorganic Highly soluble Moderately toxic Most common form in San Joaquin Valley waters.
Readily taken up by plants.

Se44 Selenite ion (Se03"2) Inorganic Moderately soluble Moderately to highly toxic Common waterbo~e form. Readily reduced to
elemental selenium and precipitates with iron and
aluminum.

Se° Elemental selenium (Se°) Inorganic Insoluble . Nontoxic Metalloid mineral. Poorly taken up by organisms.

S�-2 Selenomethionine (C~HttNO2Se) Organic Highly soluble Moderately to highly toxic Amino acid. May be dominant fotan in plant I~.

tissues.

t~ Se’2 Selencysteine (C3H~NO2Se) Organic Highly soluble Unknown Amino acid. May be dominant form in animal

oo tissues.

Se-2 Selencystine (C6HnN204Se2) Organic Highly soluble Slightly toxic Amino acid.

Se-2 Dimethyl selenide ((CH~)2Se) Organic Relatively insoluble Nontoxic Volatile, rapidly changes form. Common form
excreted through exhalation. I

Se-2 Dimethyl diselenide ((CHs)2Se2) Organic Relatively insoluble Unknown Volatile, rapidly changes form. Common form
released by plants.

Se"2 Hydrogen selenide (H2Se) Inorganic Relatively insoluble Highly toxic Occurs in industrial settings. Volatile, rapidly
decomposes to elemental selenium and water in
presence with oxygen.

Se"2 Trimethyl selenonium ion Organic Soluble Nontoxic Excreted with urine.

((CH3)3Se÷t)

Se-2        Metal selenites                     Inorganic           Insoluble               Nontoxic                  Excreted with feces.
|

IRelative toxicity of chemical in elevated concentrations (i.e., in concentrations greater than would be expected in uncontaminated [background] environments).



dormant spray season (Foe, 1995). Ambient receptors that come in contact with the
monitoring and composite rainfall samples pollutants (California State Water Resources
suggest that the pesticides come from both Control Board, 1995b). result in significant
urban and agricultural sources, loss in crop yield. Boron concentrations can

be reduced by various management practices
Other similar to those for chloride. Reclaiming

boron-affected soils requires leaching the
Boron boron from the root zone.
Boron is essential in small quantifies for
optimum plant growth; however, minimal Because boron mobility is reduced by
exceedance of the desirable limit can result in adsorption on soil particles, removing it from
plant toxicity problems, manifested as drying the soil profile requires approximately two to
and chlorosls. Climatic and soil conditions three times more leaching water than is
also influence boron toxicity, with boron typically required for reclaiming saline soils
uptake being generally higher at lower soil (Hanson, 1993). Surface waters do not
pH. Sensitive crops have shown toxic usually contain boron at toxic levels.
effects at and below 1 mg/1 (Ayers and Groundwater from wells or springs can
Westcot, 1985). Exceeding this limit can contain toxic levels, especially near
levels of pesticides (California State Water geothermal areas and earthquake faults.
Resources Control Board, 1992, 1994). Some areas near the Delta are underlain by
Most parameter concentrations in fish do not groundwater with high levels of boron. The
exceed standards established by the U.S. average concentration in seawater is
Food and Drug Administration or the reported as 4.5 mg/1 in the form of borate

(EPA, 1976).
National Academy of Sciences for the
consumption of fish tissues. The presence Chloride
of pollutants in fish demonstrates, however, For agriculture, the most common toxic ion
that organic pesticides are bioaccumulating encountered in irrigation water supplies is
in the Delta food webs. chloride. Chloride is adsorbed (or retained)

only slightly on soil particles. It therefore
Although pesticides are rarely detected in moves readily with the soil water and is
Delta water samples, data from various taken up by the crop, accumulating in the
monitoring programs conducted by DWR leaves during transpiration. At toxic levels,
and SWRCB have shown that contamination injury symptoms develop such as leaf
by synthetic organic chemicals is prevalent in burning and desiccation. Continued uptake
sediment and organisms collected throughout can lead to dead tissue and is often
the Delta. The Toxic Substances Monitoring accompanied by early leaf drop or
Program has routinely detected chlorinated defoliation. Uptake of chloride depends on
pesticides (e.g., DDT, toxaphene, and the relationship between the ability of the
chlordane), the pesticides most resistant to crop to exclude chloride, and concentrations
chemical breakdown, in Delta sediments and in the soil water. Soil-water concentrations
biological tissue samples. Levels of these are controlled by concentrations in irrigation
pesticides exceed identified thresholds for water and the amount of leaching that
risk to humans, wildlife or the biological occurs. Crop tolerance of chloride is not as
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well documented as crop tolerance of potentially harmful DBP compounds (e.g.,
salinity, and quantitative yield reduction bromate) may be formed during these
relationships have not been defined, disinfection processes. Disinfection itself is
However, in general, woody plants, such as being more carefully regulated by EPA to
California’s fruit and nut crops, tend to be avoid problems involving various pathogens
more sensitive to chloride. Crops grown (e.g., bacteria, viruses, and protozoa).
under overhead sprinkler irrigation can take Reducing DOC concentrations in raw water
up chloride through foliar adsorption of before disinfection with flocculation or
irrigation water into leaves during and after granular-activated carbon adsorption or
irrigation events. Management for chloride removal of DBPs after being formed can
includes leaching in a manner similar to reduce DBP levels but may be quite
salinity, more frequent irrigation, selection of expensive.
more tolerant crops and blending or
switching to alternative water supplies. Chloride and Bromide
Where foliar absorption is a problem, certain Most of the Delta islands are as much as 10
management practices have been successful to 15 feet below mean tide level. Tides in
in minimizing effects. Some practices may the Delta not only threaten the protecting
require minor changes in management, while levees, but bring periodic intrusion of
others will require more elaborate and costly seawater, which mixes with the inflowing
changes. Some of these practices include Delta freshwater. Tidal currents created by
scheduling irrigation at night, avoiding the rise and fall of sea levels modify stream
irrigation during high winds, increasing flow, particularly when outflows are low or
sprinkler rotation speeds, increasing when tides are high (DWR, IDHAMP,
application rates and increasing droplet size. 1989). Intruded seawater is a major source
(For more information on Chloride see of bromide, particularly in the western Delta.
Disinfection By-Products.) Bromide is a naturally occurring salt ion

(halogen) of seawater origin and reacts with
Disinfection Byproducts in Treated disinfectants to form brominated DBPs.
Drinking Water Thus intrusion profoundly affects Delta

water withdrawn at the Contra Costa Water
THM compounds formed during chlorination District, SWP and CVP intakes.
of DOC in drinking water contain
chloroform and brominated methanes. Chloride is used as a surrogate parameter for
Chloroform, when administered at high setting salinity standards for Municipal and
doses, has been shown to increase the risk of Industrial users and the same concerns for
liver and kidney cancer in mice (National salinity apply to chloride.
Cancer Institute, 1976). The suspected
carcinogenic risk to humans from THMs has The presence of bromide in a drinking water
led some communities to study and change source complicates the disinfection process.
their methods of disinfecting drinking water. As with chlorine, bromide forms THMs in
THM levels in drinking water can be reduced the chlorination process and these
by using alternatives to chlorination to treat brominated THMs are also toxic to human
water for human consumption (e.g., health. Bromide is about twice as heavy as
ozonation or chloramination), although other chlorine, and the THM standard is based on
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weight. Hence it takes fewer molecules of most TOC in Delta waters is present in the
brominated THMs to exceed the drinking dissolved form. The most common DBP is
water standard. Another method of THM compounds formed during chlorination
disinfection, ozone treatment, is also of DOC in drinking water supplies. These
complicated by the presence of bromide carcinogenic substances include chloroform
because it forms bromate, another and bromoform. MWQI studies have
undesirable DBP. Bromide contributes documented that Delta exports contain

. substantially to the formation of DBPs in relatively high concentrations of DOC.
treated drinking water from the Delta. Agricultural drainage discharges that contain
Sources of Bromide" in Delta water are natural organic matter from decomposing
seawater intrusion, San Joaquin River inflow peat soil and crop residues contribute
containing agricultural drainage, and possibly approximately 20 percent of the DOC
connate groundwater (i.e., water trapped exports from the Delta (California
within sedimentary rocks that is often highly Department of Water Resources, 1994b).
mineralized). It is uncertain whether there Additionally, DOC is carded into the Delta
are native bromide sources in the San from upstream inflows. Minimizing DOC
Joaquin Valley, or whether bromide found in concentrations in source waters is a major
the River is a result of concentration of water quality goal for drinking water uses to
bromides in agricultural irrigation water meet new EPA regulations for DBPs.
taken from the Delta and returned to the Utilities must undertake efforts to control
Delta through the River. Bromide has been organic carbon in their source water ifTOC
measured by the MWQI program since exceeds 2 mg/1 at the water intake or to
January 1990. modify disinfection methods.

Total and Dissolved Organic Carbon Dissolved Oxygen
Organic materials enter the water from the
following sources in the Delta in decreasing Dissolved oxygen (DO) concentrations serve
order of amounts: as indicators of the balance between sources

of oxygen (e.g., aeration and photosynthesis)
¯ natural materials, vegetation, and and oxygen consumption (through decay and

organics soils; respiration processes). The capacity of
¯ agriculture, as vegetative organics in water to dissolve oxygen decreases with

drainage; increasing temperature and often varies with
¯ urban runoff; the cycle of daily photosynthetic activity of
¯ municipal and industrial wastewater algae and plants. DO concentrations in

discharges; Delta channels are not generally considered a
¯ pesticides and herbicides, problem, except in the waterways around

Stockton and in some dead-end sloughs.
Organic carbon is one of the primary
variables that influence the potential for DBP Nutrients
formation. Applicable drinking water
standards are based on TOC concentrations; Nitrogen and phosphorous are the two
however, most of the available data for the nutrients which most often limit algal growth
Delta have focused on DOC. In general, at low concentrations and trigger algal
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growth at elevated concentrations. Waterborne diseases still occur in the United
Generally, in the presence of sufficient light States. The Centers for Disease Control
.and elevated temperatures, algal productivity (CDC) and EPA have estimated 1 million
increases as nutrient concentrations increase, cases of illness per year and 1000 deaths per
This results in a self-perpetuating cycle of year due to waterborne diseases.
nutrient enrichment, plant growth,
accumulation of muck, oxygen depletion, Principal waterborne bacterial agents that
and nutrient recycling from the sediment, cause human intestinal disease are
Eventually, the rate of oxygen consumption summarized in Table 3.4. Rather than
can exceed the rate of absorption, resulting attempt to analyze each of these pathogenic
in blue-green algae blooms, odors and bacteria, water utilities routinely monitor for
eventually the death of fish and aquatic life. total and fecal coliform bacteria, an indicator
Drinking water taste and odor problems can organism. With few exceptions, these
occur from algae decomposition, organisms, which originate in the intestinal

tract of warm-blooded animals and other
For agriculture, excessive nutrients can result sources, are not pathogenic. Because
in excess vegetative growth, reduced yields, coliforms are more abundant than pathogens
delayed or uneven maturity, or reduced in human waste by several orders of
quality. Algal growth stimulated by excess magnitude, the tests provide a margin of
nutrients can increase facilities maintenance safety against pathogens. If coliforms are
costs. In extreme cases, irrigation equipment not detected, it is assumed that bacterial
for sprinkle and drip irrigation can plug, pathogens would not be likely to be present,
increasing maintenance costs. Sensitive or at least they are likely to be below the
crops may require an alternative or blended levels known to infect. Although the tests
water supply, or may not be grown, have limitations, they are still the most
Alternatively, more tolerant crops can be widely used indicators of bacterial water
grown, but other water quality parameters, quality.
land suitability and market conditions dictate
crop selection. Viruses

In contrast to bacteria, enteric viruses are
Pathogens always assumed to be pathogenic. The

prevailing theory is that only one infective
Microbiological organisms of principal unit (which may be as low as one virus) can
concern as agents of disease or indicators of cause infection. The extent of waterborne
potential contamination in drinking water diseases due to viruses is not well quantified
include coliform bacteria, viruses, and for the following reasons: clinical symptoms
protozoan and helminth parasites. Total do not always result from infections; it is
coliform bacteria measurements indicate the difficult to link infections to a waterborne
general level of urban and animal source; there are difficulties in detecting
contamination of a water supply. Microbial viruses; and people are exposed to viruses
agents have been responsible for waterborne from many sources. The CDC estimates that
outbreaks of infectious disease. Their of the 1 million cases per year of illness from
presence in raw waters has been a principal waterborne microorganisms, perhaps more
thrust of water treatment technology, than 50 percent are viral. Viruses of concern
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Table 3.4 Principal Waterborne Bacterial Agents And Associated Health Effects

Bacteria Disease

Salmonella typhi Typhoid fever
Salmonella paratyphi-A Paratyphoid fever
Salmonella (other species) Salmonellosis, enteric fever
Shigella dysenteriae, S. flexneri, and S. sonnei Bacillary dysentery
Vibrio cholerae Cholera
Leptospira sp. Leptospirosis
Yersinia enterocoIitica Gastroenteritis
FranciseIla tularensis Tularemia
Escherischia coti (specific enteropathogenic strains) Gastroenteritis
Pseudomonas aeroginosa Various infections
Enterobacteriacae (Edwardsiella, Proteus, Serratia, Bacillus)Gastroenteritis
Campylobacter Gaslroenteritis

Table 3.5 Enteric Viruses and Their Associated Diseases

Virus Group Number of Common Disease Syndromes
Types

Enteroviruses
Polioviruses 3 Poliomyelitis, aseptic meningitis
Coxsackieviruses A 23 Herpangina, asepticmeningitis, exanthem
Coxsackieviruses B 6 Aseptic meningitis, epidemic myalgia, myocardifis, pericarditis

Echoviruses 31 Aseptic meningitis, exanthem, gastroenteritis
Adenoviruses 31 Upper respiratory illness, pharyngitis, conjunctivitis
Reoviruses 3 Upper respiratory illness, diarrhea, exanthem
Hepatitis viruses 1
Hepatitis A Vires Viral hepatitis type A or infectious hepatitis
Hepatitis B Virus 4 Viral hepatitis type B or serum hepatitis
Rotavirus 2 Gastroenteritis
Norwalk agent 1 Gastroenteritis
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in drinking water are listed in Table 3.5. The (Craft, 1981; and Wolf, 1979; as reported in
enteroviruses (polio, Coxsackie A, Rose, et al., 1991). At the same time,
Coxsackie B, and echovimses), symptomatic infections have been reported at
adenoviruses, reoviruses, the hepatitis a rate of 50 to 67 percent and as high as
viruses, and rotavirus can be detected by 91 percent in others (Veazie, et al., 1979, as
laboratory cell culture techniques, reported in Rose, et al., 1991). In yet other

groups, chronic giardiasis may develop in as
Parasites many as 58 percent of an infected
Eggs and cysts of parasitic protozoa and population.

helminths (worms) excreted into the
environment may enter water supplies. All C~_ptosporidium parvum
can severely disrupt the intestinal tract. Two This intestinal protozoan parasite was first
of these are Giardia IambIia and identified in 1907, but has been recognized
Cryptosporidium parvum. Their to cause diarrheal disease in humans only
cysts/oocysts are far more resistant to since 1980. The fast documented
disinfectants than bacteria or most viruses, waterborne outbreak of cryptosporidiosis in

humans occurred in the U.S. in 1985. In
Giardia lamblia January 1988, EPA added Cryptosporidium
This is the intestinal protozoan most parvum to the Drinking Water Priority List.
frequently found in human populations The severe gastro-intestinal symptoms of the
worldwide, and is the most commonly disease last an average of 12 days, and are
identified agent of water-borne diseases in self-limiting in people with normal immune

the United States (Feachem, et al., 1983). function. Illness patterns vary with age,
Waterborne giardiasis may be increasing in immune status, and variations in the
the U.S. with 95 outbreaks over the last virulence of Cryptosporidium parvum.
25 years. Over 60 percent of all Giardia Young mammals are more susceptible. For
lamblia infections are believed to be AIDS and cancer patients, cryptosporidiosis
acquired from contaminated water. Giardia can cause mortality. The oocyst (infective
lamblia cysts are found in water stage) dose necessary to caus~ an infection in
contaminated by fecal material from infected humans is unknown, but may be low. In a

humans and animals. Giardia lamblia forms primate study, two individuals became
an environmentally resistant cyst that allows infected after exposure to only 10 oocysts
the parasite to survive in surface water and (Miller, et al., 1986). No effective treatment
treated drinking water. Ingestion of as few as for the disease exists, Cryptosporidium
10 cysts can cause infection (Rendtorff and parvum is transmitted between humans and
Holt, 1954). In this study, infection was warm-blooded animals, including cats, dogs,
measured by the excretion of cysts, and cattle, goats, mice, pigs, rats, and sheep
illness was not determined. The ratio of (Fayer and Ungar, 1986, as reported in Rose,
illness to infection is highly variable. 1991). Cryptosporidiumparvura from birds

will not infect mammals, however. CommonGiardia lamblia infections with no
sources of Cryptosporidium parvum in watersymptoms of illness may be as high as

39 percent for children under 5 years old and are wildlife in a watershed, sewage

76 percent for adults in certain populations discharges, and domestic animals (including
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runoff from grazing lands and dairies). For Sodium Absorption Ratio (SAR)
example, surface water running through
cattle pastures can contain up to 6,000 SAR is of concern to agricultural beneficial
oocysts per liter (Madore, et ak, as reported uses. Sodium hazards in irrigation and soil

¯ in Peeters, et al., 1989). waters can impair crop production. Unlike
salinity, excessive sodium does not curtail

Cryptosporidium parvum in drinking water the uptake of water by plants, but rather
strongly resists chlorine disinfection. In destroys soil structure and reduces the
addition, Cryptosporidium parvum levels do infiltration of water into the soil. Thus plant
not correlate well with indicator coliform growth can be affected by drought stress and
bacteria levels, so meeting standards for lack of aeration. When calcium and
col[forms and turbidity (a measure of the magnesium are the predominant cations
reduction of clarity of a water by suspended absorbed on soil particles, the soil tends to
particles) may not be a sufficient measure of have a granular structure that is easily tilled
treatment reliability for removal of and readily permeable. Unbalanced by other
Cryptosporidium parvum. Normal levels of cations, large amounts of sodium can
chlorine in drinking water have been shown disperse soil particles, so that soil structure
to be ineffective for inactivating breaks down and hydraulic conductivity
Cryptosporidium parvum, even after 18 decreases. Good soil structure and adequate
hours of contact. However, ozone and drainage are essential for sustainable soil and
chlorine dioxide have been found to be more salinity management. Additional agronomic
effective disinfectants (Peeters, et al., 1989). issues arising from excess sodium include
Sand filtration alone reduces but does not soil crusting (especially over seedbeds),
completely eliminate oocyst concentrations, temp~rary saturation of the soil surface
Filtration with coagulation achieves greater layer, and/or related disease, weed, root-
removals, respiratory, and nutritional problems. In

extreme cases and for sensitive plants,

pH sodium ions can be phytotoxic, much in the
same manner as chloride. Management of
sodium by leaching alone can be impractical

The formation of DBPs in drinking water is because of problems with soil aeration and
dependent a variety of parameters, one of drainage. Sodium is generally managed by
which is pH. Source water pH can affect the rephcement with calcium through the
effectiveness of drinking water treatment addition of gypsum, or sulfuric acid, which
technologies. For agriculture, pH problems reacts with soil calciiam carbonate, to liberate
are related to potential corrosion or plugging calcium. These treatments must be followed
of irrigation equipment (such as aluminum by leaching with water of acceptable quality.
pipe and drip emitters) and precipitation of In general, the benefit of a water-applied
residues on plants (such as cut flowers in amendment is much greater when the
greenhouses). Nutritional imbalance can be irrigation water salinity is relatively low.

o caused by irrigation water with a pH outside The primary sources of sodium are seawater
the normal range, and agricultural drainage. SAR can affect

crop yields and sensitive crops such as
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orchards and beans. This is a particular issue considered a conservative parameter, not
in the western and interior Delta. subject to sources or losses internal to a

water body. Therefore, changes in EC
Salinity values can be used to interpret the movement

of water and the mixing of salts in the Delta.
EC values increase with concentration and

Salinity is of concern to municipal users decrease with dilution, and may be elevated
because: 1) bromide, a component of saline in agricultural drainage discharges and areas
water, forms DBP precursors (bromide and affected by seawater.
total organic carbon); 2) there is a need for
low salinity supplies to assure the feasibility
of local wastewater reclamation and For agriculture, irrigation water quality
conjunctive use projects; 3) there is a need affects the amount and type of salts found in
for low salinity supplies to minimize and soil. When water is applied as irrigation,
retard the corrosion of infrastructure and crop uptake and evaporation remove pure
appliances; and 4) there is a need for low water with some dissolved salts, particularly
salinity supplies to improve the aesthetics of nutrient salts. However, most of the water’s
drinking water. Salinity is of concern to salt load remains in the crops root zone after

agricultural users because of potential plant uptake of water by roots. When water does
toxicity problems (California Urban Water not leach from the soil, but is only added to
Agencies (CUWA)/CALFED, 1996). meet crop needs, the soil accumulates

residual salt over time. If the frequency of
leaching is too low, then salt concentrations

Sources of marine water include salt water may reach levels that stress growing plants.
intrusion into the Delta fi:om San Francisco In general, salt influences plant growth by
Bay and connate groundwater. The depriving the roots of water. Water uptake
magnitude of saline water intrusion is by plants is driven by differences in waterinfluenced by Delta outflow, which defines content and salt concentration between the
the upstream boundary of the salinity wedge, root interior and the soil. When the salt
Seawater is the primary source of salinity, concentration of the soil increases, plants
Agricultural drainage from the Delta, must accumulate salt themselves, or mustupstream agricultural drainage from sources dehydrate to continue to extract water fromon the Sacramento and San Joaquin rivers, the soil.
and urban runoff may also affect salinity
concentrations. Urban runoff consists of
dissolved minerals, whereas agricultural Plants vary in their ability to adapt to saline
drainage is made up of soluble salts from conditions by these and other mechanisms,

irrigation water leached from the soils and therefore vary in their ability to tolerate

(CUWA, 1995). saline conditions. Even tolerant plants,
though they survive, may not produce as
much when grown under saline conditions.Electrical Conductivity (EC), more correctly This is because extraction of water from

known as specific conductance, is the most saline soil requires more plant energy, which
common general measure of dissolved might otherwise be allocated for plant
minerals in Delta waters. EC is generally growth and metabolism. In addition to crop
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water uptake, salinity can affect agronomic conditions.
system in other ways (see Sodium
Absorption Ratio above). The major For agriculture, temperature of irrigation
objective in selecting management practices water has direct and indirect effects on plant
to control salinity is to maintain adequate soil growth. Physiological functions are impaired
water availability to the crop. Procedures by excessively high or excessively low
that require relatively minor changes in temperatures. The direct effects on plant
management are more frequent irrigation growth from extreme temperature of the
events, selection of more salt-tolerant crops, irrigation water occurs when the water is
additional leaching, pre-plant irrigation first applied, and they are less pronounced
events, and altered seed placement, with pressure irrigation systems than with
Alternatives that may require significant surface irrigation systems. Indirect effects of
changes in management include changing thethe temperature of irrigation water on plant
irrigation method, altering the water supply, growth occur as a result of the water’s
land-grading, modifying the soil profile (deep influence on soil temperature. Temperature
ripping), and installing artificial drainage, effects are primarily rehted to rice seedling
Management practices must fit the method of emergence and crop development. Rice
irrigation. After salinization, one study production is concentrated in the northern
showed 10 to 15 percent salt removal by San Joaquin and southern Sacramento
leaching that should theoretically remove 50 valleys. When water is colder, irrigation
percent of accumulated salinity (Mass & facilities that spread water out for solar
Hoffman, 1983). Field realities may warming can be used, including shallow
influence saline land management, reservoirs and flooded fields. Some rice

farms designate an upper p.m of the field for
Temperature spreading and warming water, or else they

accept lower productivity in parts of their
Temperature governs rates of biochemical farm that receive irrigation water directly
processes and is a major environmental from the canal.
factor in determining organism preferences
and behavior. Water temperatures in the Turbidity
Delta are generally a function of the weather
and runoff conditions. Delta temperatures Turbidity is a nonspecific measure of
are influenced only slightly by water suspended matter such as clay, silt, organic
management activities. The most common particulates, plankton and microorganisms.
environmental impacts associated with water The presence of suspended solids (often
temperatures are localized effects caused by measured as turbidity) is a general indicator
discharges at substantially elevated of surface erosion and runoff into water
temperatures (e.g., thermal shock). Fish bodies, resuspension of sediment materials,
growth, activity, and mortality are related to or biological productivity. Following major
their temperature tolerances. The Delta storms, water quality is often degraded by
supports fish species such as the Chinook inorganic and organic solids and associated
salmon and striped bass, which require adsorbed contaminants (e.g, metals,
different warm- and coldwater habitat nutrients, and agricultural chemicals) that are
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resuspended or introduced in runoff. Such impedes seedling emergence, and hinders
runoff and resuspension episodes are leaching of saline soils), and the formation of
relatively infrequent; persist for only a f~as on plant leaves (which blocks sunlight
limited time; and therefore are not often and reduces photosynthesis and
detected in regular sampling programs. The marketability). High colloidal content in
main causes of high suspended solids (SS) water used for sprinkler irrigation can result
concentrations include large Delta inflows, in deposition of films on leafy vegetable
sediment resuspension during dredging crops such as lettuce, which affects
activities, agricultural drainage discharges, marketability and management. Settleable
and suspended planktonic algae, matter in the water can prematurely decrease

reservoir capacity, and increase maintenance
The attenuation of light in Delta waters is requirements on delivery canals due to
controlled by SS concentrations (with some siltation. Turbidity also increases wear on
effects from chlorophyll). These pumping facilities. As agricultural lands in

concentrations are often elevated in the the Sacramento and San Joaquin valleys
entrapment zone as a result of increased continue to be irrigated with low-volume
flocculation (i.e., aggregation of particles) in irrigation systems like drip and micro-
the estuarine salinity gradient. High winds sprinkle, clogging, maintenance, and on-farm

and tidal currents also contribute to water management (e.g., filtration)
increased SS concentrations in the estuary, requirements will need to be considered
Suspended sediments tend to suppress algae when selecting a new system or evaluating
growth in much of the Delta (California water supply. Filtration and maintenance
State Water Resources Control Board, requirements for turbid water for low-
1995a). Ih addition, recent colonization and volume irrigation can be costly and may
growth of introduced bivalves has make the water unusable.

contributed to seasonal reductions in
turbidity in some areas of the Delta (due to 3.2.2 Loadings of Parameters of Concern
enhanced filtration of the water column by
the benthic clams). Sources of water quality parameters of

concern in the Delta and its tributaries
Turbidity is of concern in drinking water include:
because it can render water aesthetically
unacceptable to the consumer; reduce the ¯ drainage from inactive and abandoned
efficiency of disinfection by shielding mines that introduce metals such as
microorganisms; and act as a vehicle for the cadmium, copper, zinc, and mercury;
concentration, transport, and release of
organic and inorganic toxicants, bacteria, and
viruses.

¯ stormwater inflows and urban runoff that
may contribute metals, selenium,
turbidity, pathogens, organic carbon,

From an agricultural perspective, the effects nutrients, pesticides, petroleum, and
of turbidity on plants and soils include the other chemical residues;
formation of crusts at the soil surface (which
inhibits water infiltration and aeration,
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¯ municipal and industrial discharges that Shasta, Oroville, and Nimbus.
may contribute salts, metals, trace
ēlements, nutrients, pathogens, chemical Load estimates will be used to determine the
residues, oil and grease, and turbidity; relative importance of different parameter of

¯ concern sources and the potential
¯ agricultural tail water, or return flows, effectiveness of CALVED water quality

that may contribute salts, nutrients, actions. For example, it may be determined
. pesticide residues, pathogens, and that municipal and industrial wastewater

turbidity; and, treatment plants contribute less than 5
percent of the copper discharges to the
Delta. It is apparent from the copper loading¯ subsurface agricultural drainage that may

contribute salts, selenium and other trace estimate that additional measures to reduce
elements, nutrients, and pesticides (some copper from this source are unlikely to

greatly affect, copper concentrations in thefungicides).
Delta.

¯ atmospheric deposition may contribute
metals, pesticides, and some organics. Analytical Approach and Organization of

Information

Where information was available, estimated
Considerable information on pollutantsloadings for parameters of concern were

developed. These estimates are shown in discharged to the Sacramento River Basin,
the San Joaquin River Basin, the Delta, andTables 3.6 to 3.15. Source loadings are

primarily due to either agricultural or mine the Bay Region and pollutant concentrations
drainage, wastewater discharges, urban in various water bodies is available but it is
runoff or flow regulation. These tables not found in a single depository. Developing
illustrate the relative loadings of parameters a comprehensive picture of pollutant
from four of the five CALVED study regions loadings involves compilation of potentially
(e.g., Bay, Delta, San Joaquin, and relevant data from published and unpublished
Sacramento). Note, in the graphs sources, review of the data by the CALVED

water quality team and, in many cases,accompanying each table, zero values do not
indicate zero loads, but rather a lack of further manipulation of the data into the
information (as depicted in the tables), form of load estimates.
Additional information that was used in
compiling these tables can be found in Pollutant load estimaies are difficult to make
Attachment B. for large geographical areas because data is

always limited and many assumptions have

Load estimates were made for four regions, to be made. The approach used here was to

the Sacramento River Basin, the San Joaquin try to make fairly complete load estimates

River Basin, the Delta, and the Bay Region. for the various parameters even if fairly gross

The Sacramento River Basin estimates were assumptions have to be made. The load
estimates will then be progressively refinedfurther subdivided into loads generated

above and below the three major dams,
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as additional data is acquired and analyses Year-to-year variations
completed. Most contaminant sources are affected by

meteorological conditions. The total
The following analytical report includes a contaminant loads from agricultural and
number of separate sections addressing each urban runoff depend on the volume of
key parameter. Each section consists of a runoff, which can vary widely from year-to-
tabular and graphical summary of loading year. Mine drainage loads are similarly
data and a series of notes. The notes (see weather-dependent. Waste loads associated
Appendix C) describe the data sources and with municipal and industrial wastewater
any analyses undertaken to produce the load discharges are less affected by weather. The
estimates, same may be true for waste loads in

agricultural subsurface drainage, which

Two approaches to load estimation were probably depend more on irrigation rates

used, and their results were compared in the than precipitation.

tabular and graphical summaries. The first
approach was to estimate the load Because the data available to characterize
attributable to each major source and then to contaminant loads is limited, it was not
sum the loads up to provide a total basin separately compiled for different
load. Major contaminant source categories meteorological conditions. Ideally, loads
include agricultural stormwater runoff and should be separately estimated for wet,
subsurface drainage, mine drainage, normal, dry, and very dry years. Instead,
municipal and industrial wastewater data from different years, representing
discharges and urban storrnwater runoff, different meteorological conditions, were
The second approach was to estimate the compiled to produce a single load estimate
total pollutant emission from a basin by that may approximate "typical" conditions.
calculating the load contained in water
exiting the basin at its downstream end. The Seasonality of loadings
loads calculated using the two approaches Most contaminant emissions v.ary seasonally.
are not directly comparable because some of The initial load estimates contained in this
the pollutants discharged to waterways in a report were made on an annual basis. If the
basin may be stored in sediments and biota available data allows, later refinements may
or transformed into other substances as a be made to the load estimates to account for
consequence of chemical reactions and seasonality.
biological activity.

Background loads
Limitations The load estimates do not attempt to

account for background loads. Many
Because of the many assumptions and substances regarded as contaminants occur
simplifications involved in the load estimates, at low concentrations in waters uninfluenced
the results need to be used with caution, by human activities. This is the case for
The more important assumptions and metals and trace elements, salts, naturally-
simplifications are noted below, occurring organic substances and plant
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nutrients. This does not apply to synthetic mg/L The phosphorus load would be s’n-nilar
organic including pesticides, whether or not the background

concentration is allowed for.

The lack of allowance for background loads
¯ probably does not greatly affect load Lack of an adjustment for background loads

estimates for relatively concentrated waste can have a greater effect on loads
streams. If, for example, a city draws water attributable to dilute, but high-volume, waste
from a river, uses it for municipal supply and streams. For example, copper
discharges it back to the river after concentrations in agricultural runoff may be
wastewater treatment, then the phosphorus estimated to be 0.01 rag/1 while copper
load attributable to the municipal wastewater concentrations in runoff from non-
discharge is the load contained in the effluent agricultural lands with sirnilar soil chemistry
less the background load contained in the characteristics may be 0.005 mg/1. Not
source water. In this case, the background accounting for the background concentration
phosphorus concentration might be 0.05 in the load calculations would result in an
mg/l while the concentration of phosphorus overestimation of loads attributable to
in the wastewater effluent would be 5 or 10 agricultural runoff by a factor of 2.
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Table 3.6 Bromide Loading

BROMIDE LOADING TABLE
]~rPl1~ide Loadin~

~ource Bay Region Nete Delta Note San Joaquin Note Lower Sac. Basin Note Upper Sac. Basin Note
Basin

~ D~=~ tllill[! IIIlllll II!t[ltlllll!lilllll[l[l[lllllillllllllllilll!llilillllllllliIlllllllllllllllllllllii[llill

u~R~non II!ttll II111tl IIIIIIIIIIit111111111111111111IIIII!tliiii!11t11!1tt11111111III11111t111111tl IIIIIIIIIII    N
~ow R~u~,~o~ ~i [~~!it [~~~! ~~    ~ ~~

Basin ]~mission 535 a&c 172 a&c

’3re: I~lter~ lls~ed in i lllc~ under the Note e.~u nm Ixovide the l~kgro~nd and t~ fe~encc* asu~clated with the accompanying load
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Table 3.7 Cadmium Loading

CADMIUM LOc~DING TABLE

Lower ~ B~ No~ ~ Jmq~ No~    Bay Re,on    No~ Up~r Sa~ ~n

b 202 b 6394 e

Com Com
a&b ~ a&t~
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Table 3.8 Copper Loading

COPPER LOADING TABLE
Copl er Loadina (thousands ol ~oundsNear)

_B Note Delta Note Note NoteSource

J"] Ig=°n [
Basin

Note

Basindamsbelow BasinDamsabove

Aoricultura] ~|    I IIIIItllllllllllllllllllllll I It 41
Mine Drainaae ~.~t J 4 I . I 4 . I 274 a

I/POTW) 55 n 2 h 9 h
Urban Runoff I 7~ I ;~ I ~ I ~. I g ~. I ~4

~ :.’:.’-:::-:::::::-.’-;-:-:- x.* ....".’:.::-:

:Basin Emission , d ~ ~b 124 a~b 56 h

= italic= under the Note cdum~ pro~ide the background and roference~ a=$o~lated ~ the accompanying 10ad
Data available; flow and concentration data available; load calculation= r~quired.
Further literature review required.
S0gr~ doe= no~ contribute $ionificant load of constituent in thi= watershed.
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Table 3.9 Mercury Loading

MERCURY LOADING TABLE
Me~ ;uff Loadin~ (pounds/year~

SacramentoSan            Bay
Source                Note Sacramento Note Joaquin Note            Note River above Note

Delta           Basin            Basin       Region           darns

~o~uttu,~ IIIIIIIIIIIIIIIIII !1!!!11111!!11111111111111111111IIIIIIIIIIIIIIIIIIIIIII i

(PO’F~h 1543    a
U~nR,,.oft IIIIIIIIIIIIII!!1111 IIIIIIIIIIII!11t!11111111111111!11IIIIIIIIIIIIIIIIIIitlltllI 330 I a

Flow Regulation ~~:!

Basin Emission 2530 a&b 328 a&b 2500 b

Note: Lette~ II t~ Italics under the Note colun~ provide the background and references associated with the accompanying load
W~’,,~ /o Data available; flow and concentration data available; load catcula~ons required.
I!11t1111111111111 IIIIttllll!l - gu~the, literature reviewrequired.
~~’.] - Source does not contribute slonlftcant load of constituent In this watershed,
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Table 3.10 Nitrate Loading

NITRATE LOADING TABLE
Nitrate Loading (thousands of Doundsh/ear)

Source Delta Note    Bay Note Sacramento Note Sacramento River Note
Region Bssin above Dams

Ao~cu~ural ~ ~i II!1!t111111!111111111111111111]III111111111! IIII Illlllllllllll!ll
Urban Runoff 77 a 166 ~ 1790 b ~,~ ~ ~
Flow Reoulation IIII!lllllllllll IIIIlllllllllllllllll Iltlt1111!111111111111!!11111111illllllllll!!ll Itll illlllll!lllllllll
Construction !ll!llllllllllll! IIIIIIIIIIIIIIIIIIIII IIIIIIil11111111111tlt!111111111IIIIIIIIIIIIIII illll IIIIIIIIIIIIIIIII]
Total Load 77 1¢;~ !790
;Basin EmissionIIIII!l!lll!lllll IIIIIIIIII!1111111!111IIIII!11!11t11!![1!11111t1111111IIIIIIIl!lllllllllllllllllllllllltllltl!t!

er the Note column provide the back~’ound and roforenca~ ~oclated with th~ accompanying load

¯ Data available; fbw and concantratbn data available; load calculations required.
- Further literature review required.
¯So~JrCo doas not contribute significant load of constituent in this watershed.
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Table 3.11 Selenium Loading Table 1

SELENIUM LOADING TABLE -
Selenium Loadina (~ou~ands of I:}ounds/vear)

Lower Upper

¯ Source Delta Note
Sacramento

Note
San Joaquin

Note SaY Note
Sacramento

Note
Basin below Basin Region Basin above

dams Dams

M&, Wastawater
~ ~(POT~ a

Urban Runoff ~ ~~,~

Tnt~l knad 7

Basin Emission 4 a&b 2 a&b

~
mder the Note ¢otumn provide the b~ckgrou~d and r~ference~ associated ~ the accompanying load
¯ Data availal~; flow and conoan~tion date available; load calcu~k~t= rKlulred.
o Further literature revtew required.
. Source dce$ not �o~daute =lgr~icant
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Table 3.12 Selenium Loading Table 2

SELENIUM TABLE - :~
Selenium in the San Jc aauin River Tributaries

Tributary Dissolved Selenium Loads in Tributaries as % of those in
San Joaquin River at Vemalis (I)

Stanislaus River 2
Tol.lJumne River ;]
Salt]Mud Slouahs 71
~e~d River ~
San Joaauin above Salt Slouoh Confluell~;e ~

(1) Values obtained from the U.S. Geological Survey Water Resources Investigation Report 88.4186.

The dissolved selenium loads for the tributaries to the San Joaquln River do not add up to 100% of the Io~ds in the San Joaquin River near

Vemalis because some of the load at Vernaiis most likely can be attributed to sources within Re river, such as selenium delivered to the

San Joaquln River from soumes other than the listed tributaries.

SELENIUM IN THE SAN JOAQUIN RIVER TRIBUTARIF_.S
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Table 3.13 Total Dissolved Solids (TDS) Loading

TOTAL DISSOLVED SOLIDS ¢rDS) LOADING TABLE
Total Dissqlved Solids ’TDS) Loading (thousands of pounds/year)’

Lo~r Up~r
Sacramento San Joaqutn Note Bay Region Note NoteSource Delta Note Basin below Note Sacramento

Basin Basin above
dams D~ms

Aoricultural Illiiiiiiiii111! 2.651.000 a 2.171.000 d I111111tlt11111!!11111111111111IIIIIIIIIIIIIIIIIIIIIIII!111111111
Mine Drainaoe IIIIIIIIIll!!!!!ll IIIII!lllllllllllll!l!llllllll I!llllllllllllltllllllllllll!l ~~ |!!!l!llllll!!!lltttlllttlllltllll

  =’w " llllllllllttltlll, Illlittllllllllllliilttllllllttlll!l!l!lllliiliiltlllllllilII!l!ltlltlltlllllllllllililllllll
Urban Runoff IIIIIIIIIIIIIIIIII 4~.~o ~ ~ I , I tt111! II!!1111!!1111111tlltlt11111111111

Flow neoulation I~,..:!i~ ~~.::,,..:..’~:.:-~i ~~| ~$i...-~:.:~:.~..:~.~ [~@

Basin Emission g01.300 a&~ 7~2.500 a&h

’:. All noml~rs are rounc~d to ~nt 4 ~its

~o: Lettora Itstod tn Italics under the Note column provk~ the back~’ou~d and roforencos ast~:~ated with the accompanying load
~ Data available; flow and concentration data available; k~l calculations required.

IIIIllllllllllllll!lll] IIitlI Fu,he, ~,o,at-re re~,, ,~re~.
~J~ ~ ~i - Source does not ~ontdbute slanil~nt 1011d of constituent It) thl~ Wimtarshed.
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Table 3.14 Total Organic Carbon (TOC) Loading
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Table 3.15 Zinc Loading Table

ZINC LOADING TABLE
~nc l~adina (’thou~.~n~ of ~ ~ar)

Lower Upper

Source D~lta Note Sacramento Note S~n Joaquln Note Bay Region Note
Sa~r~n~nto

Note
Basin below | Basin Basin above

- dams

I

Dams

A~i I$IIIIIIIIIIIII’ ~ c lllllllillllllllllllllllllllll IIIIII$IIIIIIIIIIII$IIIIII
Mine Drainaoe 116 a 930 d I ,~6 h IIIItlllll!!!lllllllllllllllllll t11t1!1111!

(pOTW~ ~ b 34 e
tJrban ~ff IIII IIII111111 ~a~ f Ililllllillllli!lllllllllll IIIIIIII!lllltlllllllillllllllll Illilltlllllllltllttttllttllilliil

~ ....................!~~i
Flow Reoulation ~~.’..~.’..:i

Basin I~m~ion IIIIIII !1!11,~s     o I ~ i i IIIIIlll!!llllllllllll!!ll!!l!llll
Note: Letters F~e~ ~ italics under the Note column provide the backgro~md and references associated with the accompanying load
~J ~"~ Data available; flow and co~cereretion data available; load calculation= required.
I!!1!!!1 I!!!!!1111111!1!1 F=~, =te,=u,o,,~,,,,~,~.
~ - Source doe~ no~ contribute sionlr{cant load of ~:x~’~liluent in this water~hed,
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3.3.3 Existing or Planned Programs to Mokelumne River and Comanche Reservoir.
Reduce Loadings of Parameters Concentrations of copper, cadmium and zinc

in on-site ponds (whose capacity is

Mine Drainage periodically exceeded) exceed water quality
criteria for aquatic life. The remediation will
include complete removal and disposal of

Cadmium Copper and Zinc waste material to an on-site landfill and
Remediation efforts are being conducted on complete restoration of drainage channels.
over 8 inactive mine sites in the Sacramento Penn Mine site remediation should result in a
River Basin. The most well-known work is 60 to 80 percent reduction in copper,
being conducted at the Iron Mountain Mine cadmium and zinc loadings to the
complex. This work effort includes, but is Mokelumne River.
not limited to, construction of dams,
installation of treatment facilities, and the
construction of bulkheads in the mine Mercury

portals. The main focus of attention at Iron Various technical meetings are being held to

Mountain has been on the acute effects of discuss mercury monitoring, assessment, and

uncontrolled spills. Additional work is being cleanup issues. One very important issue is
performed on other Shasta Lake Area Mines. how to compare total mercury loads to
The majority of the work to date has focused bioavailable mercury (loads) from all sources
on portal closures or treatment of mine upstream of the Delta and San Francisco

drainage. Bay.

Regional Board staff continue to address the The draft final report for the Sacramento
discharge of copper and zinc from the River Mercury Control Project has been
Walker Mine and Walker Mine Tailing sites completed and was discussed at a recent

in Plumas County. This work includes public advisory committee meeting. This
tunnel rehabilitation, infiltration control and report addresses mercury impacts in the
diversion structures, and relocation of mine lower Feather River, Yuba River, Bear
wastes. Long-term monitoring programs River, and the Sacramento Ri~ier near the
have been conducted for these projects by City of Sacramento. The report also
the Regional Board and the U.S. Forest discusses various control strategies and

Service. recommends implementation of the mercury
recycling program.

Penn Mine, an abandoned copper mine
adjacent to the Mokelumne River, is U.S. EPA has an ongoing SuperFund
scheduled for remediation by 2000. The EIS cleanup project at the Sulfur Bank Mine
has been approved and contracts are being adjacent to Clear Lake. Lake County is also
let to begin remediation. The mine was pursuing implementation of erosion control

BMPs and monitoring of Clear Lakehistorically one of California’s largest copper
and zinc producers (Peterson, 1985). Acid tributaries. This activity may address
mine drainage from the site has caused additional mercury discharges to the lake.
significant water quality impacts in the
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The Cache Creek Watershed Project has Discharges and Illicit Connections, Public
identified mercury impacts as a major water Agency, and Monitoring.
quality issue. This may lead to focusing
additional resources available to the ¢onstruotion Site Management
watershed stakeholders on source All construction activities that disturb 5 acresidentification, development of cleanup
alternatives, and implementation of full scale or more are required to comply with the

State’s general permit stormwater dischargepilot projects. Monitoring activities continue permit for construction activities. This
to further define high mercury loads within
the Cache Creek watershed. Some of the

requires preparation and implementation of a
storm water pollution prevention planhighest mercury concentrations and loads to (SWPPP), including sediment and erosion

date occurred with the storm events in 1997. control provisions specific to the site, prior
to the onset to of the rainy season. BMPs to

In Contra Costa County, Regional Board be employed generally consist of straw bales,
staff are proposing to assist in preproject and silt fences, hydroseeding, debris basins, and
postproject assessment activities to other forms of erosion control. Monitoring
document the effectiveness of the Mount requirements include visual inspection of
Diablo Mercury Mine pilot cleanup project, stormwater. The enforcing agency may

require sampling if the employed practices
Stormwater Management appear to be ineffective. Enforcement of the

discharge permit requirements significantly
In the early 1990s, cities with populations       depends upon the city or community in

which the construction occurs. Most citiesexceeding 100,003 people prepared
include review of sediment and erosionstormwater management plans pursuant to
control measures by the engineeringthe Clean Water Act (USC §1,251 et seq.).

The plans include a number of"best department during plan checking, and by

management practices" (BMPs) designed to building inspectors during site grading and
construction. Some cities have grading andreduce stormwater pollutants. BMPs include
erosion control ordinances that providenon-structural and structural controls.
specific authority to enforce suchCommonlyemployed non-structural source

controls include stenciling of catch basins requirements. Where construction affects

and drain inlets, and public education to larger water bodies, enforcement activities

discourage disposal of inappropriate may also involve flood control districts, the

substances to the storm drains. Structural Department of Fish .and Game, and the U.S.

controls include stormwater detention basins Army Corps of Engineers.

and elimination of illicit sanitary connections
to storm drainage systems. Generally, the The City of Sacramento has published a
plans include BMP elements in each of the manual for appropriate construction site
following seven categories: Construction erosion and sedimentation control measures.
Site Management, New Development, Public Stockton has developed a model stormwater
Education, Industrial Compliance, Illegal pollution prevention plan for construction

activities, and Modesto is currently
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developing the construction site portion of public education program include school
their municipal program, stormwater awareness programs, brochures,

sponsoring annual events such as "Coastal

New Development Planning Cleanup Day," and educational campaigns to

There is an opportunity to incorporate target specific issues such as proper paint

structural BMPs in the planning of new disposal. Frequently, these efforts piggyback
onto existing public education programsdevelopments. In large developments, large

detention basins are often constructed for (e.g., household hazardous waste collection

both flood control and water quality programs and U.S. Fish and Wildlife
educational programs). Educational effortsimprovement. Sacramento requires
that target specific audiences and overlapadditional measures such as stamping an
with other components of the stormwaterappropriate "no dumping" message onto

concrete curb inlets. Developers are program include the training of contractors
on erosion control, and the training ofencouraged to construct grassy swales and

filter strips along roadways and other building inspectors on BMPs and
enforcement. Sacramento sponsors adrainage areas. However, Vallejo has found

it difficult to require the construction of popular calendar using children’s artwork,
and has developed a Spanish language factadditional facilities without mandates from

regulatory agencies to do so. Stockton is sheet for construction workers. Stockton’s

reviewing a proposed program to require "Auntie Pollution" is featured on posters and

that BMPs be implemented with all new bus placards. Contra Costa has assembled a

development. The BMPs would carry points
speaker’s bureau binder with materials to

or credits. Projects that include more than target a variety of audiences and is

the minimum required number of BMPs distributing a "Grow-it" guide to reduce

could bank or sell the extra points for use in pesticide runoff from gardens. The local
communities have been very creative inprojects where inclusion of many BMPs are

not feasible (such as smaller sites or those in developing educational programs and
materials are often shared between cities.developed parts of the city). A site planning

manual for use by designers and planners has
been developed by the Bay Area Stormwater Industrial Compliance
Management Agencies Association Many industrial sites are required to have
(BASMAA), which is a consortium of seven stormwater permits. Most cities have
San Francisco Bay Area municipal storm adopted stormwater ordinances which
water programs, representing 89 agencies, require businesses to.adopt appropriate
including 78 cites and 5 counties. BMPs, prohibit most non-stormwater

discharges and provide specific authority to

Public Education enforce compliance with the stormwater

Public education is widely regarded as the management plan. Cooperative efforts

most effective source control measure, and
involving environmental health, hazmat and
fire departments, as well as publicly ownedmost agencies have a significant public
treatment works pretreatment programs andeducation element in their stormwater

management plan. Components of a typical other industrial inspection personnel, has
facilitated enforcement without adding
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inspection programs. For example, Vallejo arrange to have the solid waste management
has focused on working with business company deliver a recycled oil container to
owners to heighten awareness and develop them.
appropriate solutions such as secondary

, containment and the control of contaminated Public Agency
runoff. Large businesses seem to be aware All of the cities surveyed have ongoing
of the legal requirements and have been "housekeeping" activities such as regular

, substantially complying. However, many street sweeping and catch basin cleaning,
smaller businesses have yet to obtain permits, which are considered good source control
develop stormwater plans and adjust their practices. In larger cities like Sacramento,
operations to reduce contamination of
stormwater. Stockton estimates that as few

publicly owned but separately permitted
facilities (e.g., airports, wastewater treatmentas 20 percent of the businesses that are plants) and corporation yards may requirerequired to obtain permits have actually done specific programs and additional

so. Like Vallejo, the city is focusing on a coordination.direct contact approach, going door to door,
explaining the regulations and offering viable
alternatives to current operation practices. Monitoring
The unique aspect of the Stockton program A significant effort is being put into the
is that the fire department is doing this initial monitoring programs. This involves the
contact, an approach which seems to be very establishment of monitoring stations in local
successful in gaining the attention of business streams so samples can be taken during
owners without feeling making them major storm events and analyzed for
feel threatened by bureaucratic red tape, parameters of concern. A technical
since firefighters are generally perceived in a memorandum produced for the Sacramento
positive light. County program estimates that it will

eventually be possible to establish trends in
contaminant levels and detect changes in the]]legal Discharges and Illicit Connections water quality of the river, although it mayAll municipal stormwater management plans take many years to gather enough data to do

contain an element for the detection and so. Vallejo has suspended their monitoringelimination of illegal discharges and illicit program pending the development of an
connections. The most common action integrated area-wide monitoring program.taken is stenciling of storm drain inlets. The Regional Board has requested the Bay
Sacramento’s initial investigation into illegal Area Stormwater Management Agencies
discharges and illicit connections did not Association (BASMAA) to coordinate a
yield significant results and this portion of comprehensive program in the Bay Area, and
their program has since been rolled into the they are investigating ways to iraprove
industrial compliance program. Vallejo has sampling and other available tools for
had success in identifying such discharges monitoring for effectiveness of the programs.

o and connections including public reporting of Most areas are being required to do more
.illegal discharges. When cities are able to extensive toxicity testing than they have in
identify an individual suspected of the past. In Stockton, depressed dissolved

¯ improperly disposing of used motor oil, they
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oxygen levels have been noted in a slough Some difficulties have arisen in attempting to
during storm events. The city has been implement the initial programs at the local
asked to evaluate this condition which will level. It is difficult to isolate and assess the
also require them to increase their effectiveness of specific activities, and it will

¯ monitoring effort, take many years to determine trends in
stormwater quality. The dispersed nature of

All existing stormwater programs surveyed non-point source pollution, such as

are now funded by special stormwater utility deposition of automobile exhaust, makes it
fees or assessments. The programs difficult to control and eliminate. Several
emphasize non-structural source controls, industries rely on the continued use of
essentially focusing on urban "good materials or practices that most stormwater
housekeeping" and education efforts. The programs are attempting to reduce. There
approach of the state and federal regulators are not always viable alternatives to offer

business owners to encourage theirhas been to encourage each city to develop a
program that is specific to that community, compliance with local stormwater programs.
The basic program structures and
enforcement approaches at the local level are Small Cities
very similar, although different aspects of the Regulations for control of stormwater
individual programs may be more heavily discharges from cities with populations less
emphasized depending on the city. For than 100,000 have not yet been promulgated
example, Stockton is enhancing their by EPA. Some cities anticipate that they will
monitoring program while Vallejo’s be required to develop stormwater
monitoring program is on hold. Vallejo is management programs within a few years,
focusing on assisting local businesses in the and in preparation have set up stormwater
development of stormwater plans, while utilities and become involved with
Sacramento has an aggressive program to organizations concerned with stormwater
incorporate BMPs into new development, issues. In areas such as Sacramento County,
Larger communities generally have more Contra Costa County, and Fairfield/Suisun
detailed comprehensive programs, whereas City, cities with populations of less than
some of the smaller communities have been 100,0(30 are sharing information with
very proactive in areas of particular concern adjacent, larger cities, and implementing
in their communities. Some communities stormwater management programs at levels
have taken a coalition approach and have commensurate with their populations and
formed organizations such as BASMAA, land uses. For instar).ce, some small cities
which have become mechanisms to share with significant industrial areas have begun
information and the overall burden of to perform stormwater inspections and
stormwater quality improvement. All of the gauge compliance with the statewide
large cities have successfully developed industrial storm water NPDES permit. Such
programs designed to work in partnership cities have added a stormwater component
with local business owners, residents and to regularly scheduled pretreatment
other public agencies, inspections, anticipating that these activities

will be required under Phase II storm water
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regulations, scheduled to be promulgated by With limited municipal resources, the
EPA in a proposed rule in September 1997. programs need to be demonstrably cost

effective; yet it is difficult to identify hard
Most urban stormwater management plans,      numbers on benefits or even relative

¯ including those developed for large cities in effectiveness of any of the BMPs. This is
the study area (e.g., Sacramento, Stockton, because the relatively new programs have
Modesto), are in the early stages of produced limited data, the activities are

¯ implementation. Consequently, little data are interrelated, and the pollutant sources are
available to allow an evaluation of their difficult to isolate. The success of the
effectiveness. The data that are available programs so far is demonstrated in the
indicate that source control measures do not coalition building between public agencies,
produce major improvements in runoff piggybacking program elements onto
quality. While education may change some existing programs, and the proactive,
human behavior (e.g., illegal dumping in cooperative attitude the cities are taking

storm drains), it is doubtful that these toward the business owners and residents.
activities contribute greatly to the overall Developing qualitative measures and other
urban runoff pollutant load. Thus it is tools to evaluate the program effectiveness
unlikely that programs that emphasize source may be of greater value than strict chemical
controls and elimination of illicit connections analysis.
will substantially reduce existing urban
runoff pollutant loads. Most of the more Wastewater Discharges
significant urban runoff pollutants are
probably attributable to vehicle use, air Each municipality, agency, district or

pollutant fallout and wash-off from buildings. industry that produces wastewater must

Such sources are beyond the range of most complete a Report of Discharge and request
a discharge permit from the Central Valley orcurrent regulations and are difficult to

control. San Francisco Bay Regional Water Quality
Control Board (RWQCB). Entities that
discharge to a surface water must also obtain

Programs that involve structural controls as an National Pollution Discharge Elimination
well as source controls are likely to be more System (NPDES) permit from the U.S.
effective than current programs. Retrofitting Environmental Protection Agency (USEPA).
structural controls into existing urban
development is difficult and expensive and The permitted entity must periodically file
consequently rarely undertaken. However, a records that describe their actual discharges.
recent study indicates that it is feasible to If at any time they have not met their
retrofit flood control detention basins for discharge requirement, they are required to
water quality improvement. The notify the RWQCB. The facility is also
incorporation of structural controls into new inspected and evaluated on a regular basis.
development is more practical than

. retrofitting existing systems and most cities If a municipality, agency or district has
are moving toward inclusion of stormwater industrial customers, they must develop an
quality improvement measures in planning of industrial pre-treatment program to monitor

¯ new developments.
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and control industrial discharges that may constituents in wastewater treatment plant
affect the operational effectiveness of the effluent. However, in recognition of the
treatment facility, impact the health and concern with these pesticides, the
welfare of the community or impact the Sacramento Regional Waste Water
ecology of the discharge site (surface water Treatment Plant has began testing for them
or groundwater). Specific limits on in 1996, and is currently the only facility
discharge become a part of the industries use monitoring regularly for these chemicals.
permit.

Ammonia and Nitrate
The effectiveness of the current programs at None of the CALFED area wastewater
limiting loadings of municipal and industrial treatment plants have processes designed to
discharges to the Delta is very high. control ammonia. Modest, has a discharge

requirement on ammonia will occasionally
Cadmium. Copper, Zinc, and Mercury_ reduce discharge flows to remain in
Most communities monitor for these compliance. Modest, also has treatment
constituents or require industries to monitor facilities for nitrogen removal. Stockton has
and report metals levels in the waste stream an agreement with the RWQCB to develop a
as a part of their industrial pretreatment plan and facilities to reduce ammonia levels.
program. There are known background The treatment plants typically monitor for
levels of some metals in the local drinking nitrates but none have specific discharge
water in many areas. For example, Redding, limits.
Stockton and Sacramento have reported
metals in the water supply, mainly zinc and Tempe~:ature
copper. Modest, is the only plant with Treatment plants do not generally have a
current discharge limits on these metals, problem meeting temperature requirements.
Although much of the metals in the plant All the plants are required to maintain the
influent is removed with the biosolids, none existing river environment by not
of the plants have specific processes to significantly elevating the river temperature.
remove them. Typically, the effluent temperature cannot be

more than 20° F above the ambient
The Stockton Wastewater Treatment Facility temperature of the fiver, and no discharges
recently completed a mercury study which are allowed that would raise the temperature
investigated the discharge of total, dissolved at any point in the river by more than 4* F,
and methyl mercury from the facility to the or by more than 1 * F in 25 percent of a cross
San Joaquin River. The final report of the section of the river. "Treatment plant staffs
study provides additional insight into other monitor the river upstream and downstream
potentially significant discharges from the of their discharge points and have generally
treatment facility, not had difficulties meeting these

requirements. The Stockton plant has 640
Chlorp_wif9~ and Diazinon acres of detention ponds in which the plant
There are currently no discharge limits on effluent falls to near river temperature before
the pesticides Chlorpyrifos and Diazinon it is discharged. The Sacramento Regional
since they are not generally considered as County Sanitation District has a specific
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14:1 dilution requirement and has also been
granted a waiver of the 1" requirement Salinity CI’DS)
during very cold weather and has holding Some facilities monitor for TDS as part of
ponds that are ut’flized to reduce discharge their industrial pretreatment program. In
flow and/or lower effluent temperature some cities, such as Tracy, there is a
before discharging to the river as necessary, significant amount of TDS in the drinking

water supply. There are no discharge limits
Dissolved Oxygen on TDS, and there are no facilities
All of the plants in the CALFED area have a specifically designed to remove it.
problem meeting dissolved oxygen (DO) Stockton’s permit includes language that
requirements. Some plants, such as requires that they "minimize" TDS in the
Modesto, use the majority of their effluent to effluent. Most agencies regularly sample for
irrigate cropland. Modesto is only allowed TDS but do not attempt to control it.
to discharge to the river from October 1 to
May 31, and discharges to the San Joaquin Agricultural Drainage Programs
River cannot cause river DO to fall below 7
mg/1 or depress the ambient DO Some of the programs, practices, and
concentration more than 0.5 rag/1., regulations that influence agricultural
(Secondary Treatment Improvements and drainage water quality include the following:
Alterations, City of Modesto, June 1993). In
Stockton, the RWQCB adopted water ¯ The San Joaquin Valley Drainage
quality objectives for the San Joaquin River Implementation Program, Multi-agency
to be met by the year 2005. Consequently, ¯ The Drainage Program and its
Stockton’s permit was amended to lengthen constituent programs, Department of
the period that tertiary treatment would be Water Resources
required, and to add ammonia limits. The ° The Rice Herbicide Program, Initiated by
City successfully appealed the added the California Department of Pesticide
requirements on the basis that their discharge Regulation
is only a small part of the problem. The ¯ Federal and state restrictions on the use
requirements have been stayed, and the city and handling of pesticides.
currently only required to monitor DO levels ¯ Water contract requirements
upstream and downstream of its discharge ¯ Voluntary implementation of IPM and
point. BMP’s to reduce farming costs and

pollution sources.
Pathogens ¯ Local district pro’grams, such as
Pathogens are controlled by chlorine at all Westlands Water District’s Groundwater
wastewater treatment plants in the area. Management Plan
Permit requirements are typically in terms of ° Habitat Enhancement Landowner
total coliform measured by most probable Program, Western Growers Association.
number per liter (MPN) and discharges must
be less than 500 MPN daily, with a monthly Additional recommendations on agricultural
median of less than 23 MPN. drainage include those developed by a series

of Technical Advisory Committees to the
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California State Water Resources Control resulting reductions in rice herbicide
Board, coveting the following are.as: concentrations were dramatic, and were

generally in compliance with increasingly
¯ Irrigated agriculture stringent performance goals.
¯ Pesticide management
¯ Dairy and feedlot management Habit.at Enhancement Landowner Program
¯ Rangeland management This is a program involving the Western
¯ Plant nutrient management Growers Association, California Farm

Bureau Federation, and California Cattlemen
Three current programs will be discussed Association. Under this program,
below, landowner/growers implement habitat

enhancement on their property, and receive a
The Drainage Reduction Program general incidental take permit to protect
This program is a sub-program of the them from Endangered Species Act
Drainage Program at the Department of enforcement that might result from the
Water Resources. Its purpose is to examine increased wildlife presence in the enhanced
the potential of a number of technologies and habitat. With regard to drainage, habitat
management tools available to reduce enhancement can play an important role, if it
subsurface agricultural drainage. Examples is designed appropriately. For example, filter
include improved furrow irrigation, shallow or buffer strips (land with relatively dense
groundwater management, tiered water vegetative cover) can remove sediment and
pricing, irrigation efficiency, and emerging associated parameters of concern from
irrigation technologies. A series of reports runoff, and wetlands allow for sediment
prepared under the program provides a settling and decomposition of organic
substantial basis for evaluating the tested constituents, as well as immob’tlization or
technologies and management tools, uptake of other parameters of concern. This

program is in the early stages of
The Rice Herbicide Program development, but has wide support and
Initiated by the California Department of substantial promise.
Pesticide Regulation in 1984. The herbicides
used in rice production are not included Water Treatment Fadlity Programs
among the CALFED water quality
parameters of concern, largely due to the Currently, numerous water agencies are

success of this program and the efforts made evaluating ways to upgrade their treatment

by the rice industry to reduce herbicide facilities. There are n.o current operational

concentration in surface drainage. This programs to improve source water quality

program included establishment of rice near intakes. The Department of Health

herbicide performance goals for the Colusa Services, Division of Drinking Water and

Basin Drain and the Sacramento River. Environmental Management, is taking the
lead in developing a Source WaterHolding times for rice irrigation water after

herbicide application were specified, and the Assessment Program (SWAP) for sources of

rice industry installed a variety of innovative drinking water. This program will delineate

irrigation return flow control systems. The source water assessment areas, identify
contaminants within those areas, and assess
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the susceptibility of the source to For additional information, refer to Appendix
contamination. The State is required to B.
develop a SWAP as part of the 1996
amendments to the federal Safe Drinking Figure 3.3 shows 1982-1995 turbidity values
Water Act. This program will include for the three export locations and several
definition of the roles and duties of state and locations in the San Joaquin River and
local agencies in the protection of drinking Sacramento River inflows. Delta inflows
water sources, often exceeded values observed in the Delta

exports~ Turbidity is higher in the western
regions, as indicated by data from Rio Vista

3.3 CURRENT RESOURCE and Jersey Point.
CONDITIONS

Dissolved Oxygen
3.3.1 Parameters of Concern

Dissolved oxygen data are obtained from 41
Temperature stations. These stations are monitored by

DWR, CMP, USGS and SFEI. The
Temperature data are obtained from 41 minimum dissolved oxygen was measured at
stations. These stations are monitored by the Honker Bay, with a value of 3 mg/1.
DWR, CMP, USGS and San Francisco Maximum dissolved oxygen values are
Estuary Institute (SFEI). The minimum expected to average near 12-15 mg/1 at full
temperature was measured at the Little saturation in these waters at normal ambient
Connection Slough at Empire Tract, with a temperatures, as was represented by the high
value of 1.5 °C. The maximum temperature value of 13.1 rag/1 recorded for Little
was measured at the Woodward/North Connection Slough at Empire Tract. Several
Victoria Canal near Old River, with a value aberrant, higher values occur in the record,
of 31.9°C. For additional information, refer possibly due to supersaturation. For
to Appendix B. (Note: Water Quality and additional information, refer to Appendix B
Sediment data is summarized in Appendix
A.) DO concentrations in Delta channels are not

generally considered to be a problem, except
Turbidity near Stockton and in some dead-end sloughs.

DO concentrations in MWQI agricultural
Turbidity data are obtained from 34 stations, drainage samples were sometimes slightly
These stations are monitored by DWR, below normal (e.g., less than 5 rag/l),
CMP, USGS and SFEI. The minimum indicating the presence of large quantities of
turbidity was measured at the Contra Costa decomposing organic material (measured by
Pumping Plant No. 1, Woodward/North DOC).
Victoria Canal near Old River, and
Sacramento River at Rio Vista Bridge, with Considerable research has been conducted
a value of 0 mg/1. The maximum turbidity on the historical DO problems in the lower
was measured at the DMC Intake at San Joaquin River near Stockton. Water
Lindmann Road, with a value of 305 rag/1, temperatures in late summer and fall often

CAI_FED Bay-Delta Program Water Quality
Draft Affected Environment Technical Report September 2, 1997

3-61

C--003830
(3-003830



exceed 75-80°F, temperatures at which full USGS and SFEI. The minimum nitrate
DO saturation at that altitude is concentration was measured at the
approximately 8.0 mg/l. The available Sacramento River at Freeport Marina, with a
oxygen is then used by oxygen-demanding value of 0.04 rag/1 (dissolved nitrate plus
processes that lead to significant reductions nitrite as total nitrogen). The maximum
in the DO levels. Channel sediments are nitrate concentration was measured at the
believed to exert the greatest oxygen San Joaquin River at Antioch, with a value
demand, followed by point sources (e.g., of 40.60 mg/1. For additional information,
domestic and cannery wastewater refer to Appendix B (note unit changes in
discharges) and nonpoint sources of database).
pollution (City of Stockton, 1996). Reverse
flows and stagnant conditions in this reach of Phosphate
the river exacerbate the problems. Total phosphate data (measured as total
Instalhtion of a temporary flow barrier at the phosphorus) are obtained from 6 stations.
head of Old River has helped alleviate DO These stations are monitored by USGS and
problems near Stockton by increasing the SFEI. The minimum and maximum
amount of water moving in the San Joaquin phosphate concentrations were measured at
River past Stockton. In 1995, the U.S. Sacramento River at Freeport Marina, with
Army Corps of Engineers began operating an value of 0.01 and 0.54 mg/1, respectively.
aeration device in the Stockton ship-turning For additional information, refer to Appendix
basin to improve the DO conditions. The B (note unit changes in database).
RWQCB is working with the City of
Stockton to address DO effects from pl-I
wastewater treatment plant effluent.

pH data are obtained from 41 stations.
Nutrients These stations are monitored by DWR,

USGS, CMP, and SFEI. The minimum pH
Ammonia was measured at the Sacramento River at
Total and dissolved ammonia data are Freeport Marina, with a value of 5.6. The
obtained from 7 stations. These stations are maximum pH was measured at the Middle
monitored by DWR, USGS and SFEI. The River at Mowry Bridge, with a value of 9.5.
minimum ammonia concentration was For additional information, refer to Appendix
measured at Sacramento River at Freeport B.
Marina, with a value of 0.01 mg/1. The
maximum ammonia concentration was Alkalinity
measured at Sacramento River at
Collinsville, with a value of 0.73 mg/1. For Alkalinity data are obtained from 34 stations
additional information, refer to Appendix B (measured as total alkalinity as CaCO3).
(note unit changes in database). These stations are monitored by DWR,

USGS and SFEI. The minimum alkalinity
~ concentration was measured at Delta
Nitrate data are obtained from 26 stations. Pumping Plant Headworks, with a value of
These stations are monitored by DWR, 8.2 mg/1. The maximum alkalinity
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concentration was measured at the Connection Slough at Empire Tract and
Sacramento River at Rio Vista Bridge, with Sacramento River at Greenes Landing, with
a value of 250 mg/l. For additional a value of 49 mg/l. The maximum TDS
information, refer to Appendix B. concentration was measured at Sacramento

River at Mallard Island, with a value of
Hardness 11,000 mg/1. For additional information,

refer to Appendix B.
Hardness data are obtained from 38 stations
(measured as total hardness as CaCO3).
These stations are monitored by DWR, Salinity data are obtained from 5 Delta
USGS, CMP and SFEI. The minimum stations. These stations are monitored by
hardness concentration was measured at the SFEI. The minimum salinity concentrations
Sacramento River at Freeport Marina, with a was measured at all the stations monitored as
value of 27 mg/1. The maximum hardness below detection limits. The maximum
concentration was measured at Old River salinity concentration was measured at
6/10 mile below DMC Intake and Old River Pacheco Creek, with a value of 12.6 o/oo
upstream from DMC Intake, with a value of (ppt). For additional information, refer to
72 rag/1. For additional information, refer to Appendix B.
Appendix B.

Sodium
Salinity (Electrical Conductivity and Dissolved sodium data are obtained from 34
Total Dissolved Solids) stations. These stations are monitored by

DWR, USGS, CMP and SFEI. The
.Cond.uctivity minimum sodium concentration was
Conductivity data are obtained from 40 measured at the Sacramento River at
stations. These stations are monitored by Freeport Marina, with a value of 2.9 rag/1.
DWR, USGS, CMP and SFEI. Values are The maximum sodium concentration was
recorded in the database both as conductivity measured at Sacramento River at Mallard
and as specific conductance. The minimum Island, with a value of 3430 rag/1. For
conductivity was measured at the Middle additional information, refer to Appendix B.
River near Latham Slough, with a value of 5
umho/cml. The maximum specific A recent study of Drinking Water Quality in
conductance was measured at Sacramento Delta Tributaries (CUWA, 1995) evaluated
River at Mallard Island, with a value of benchmark concentrations and contaminant
18,500 umho/cm. For additional source concentratiorfs in the lower
information, refer to Appendix B (note unit Sacramento River, lower San Joaquin River,
changes in database), and the Delta. Benchmark TDS

concentrations are presented in Table 3.16.
TDS In general, the review concluded that there
TDS data are obtained from 33 stations, were no apparent significant seasonal trends.
These stations are monitored by DWR, Instream flow does not significantly alter
USGS, and SFEI. The minimum TDS TDS concentrations in the Sacramento River
concentration was measured at Little
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Table 3.16 Benchmark TDS Concentrations in the Lower Sacramento and San Joaquin
Rivers and the Delta

Percent
Location Concentration Contribution

(mg/l) to the Delta (River)
Sacramento River at Greene’s Landing 39 to 132 65 to 78

Natomas East Main Drain 225 to 674 (2)
Sacramento Slough and Colusa Basin Drain 70 to 314 (26 to 33)

Sacramento urban runoff 22 to 440 (2)
Sacramento combined sewer overflow 50 to 300 (2)

SRWTP 422 to 666 (2)

San Joaquin River at Vernalis 143 to 768 22 to 35

Mud and Salt sloughs 483 to 5180 (50)
Delta at Banks Pumping Plant 44 to 417 NA

at Greenes Landing, although an inverse measurements from the San Joaquin River
relationship exists in the San Joaquin River near Vemalis also generally decrease with
near Vernalis with higher instream flows increases in flow.
having lower TDS concentrations. The
primary contributors of TDS in the San Figure 3.1 shows historical monthly EC
Joaquin River basin are agricultural drainage patterns in the Delta and their relationship to
from Mud and Salt Sloughs. Peak TDS effective outflows for 1976-1995 measured
occurs during the peak irrigation month of at Chipps Island. Pittsburg is downstream of
July, followed by TDS increases in late fall the confluence of the Sacramento River and
and early winter caused by agricultural San Joaquin River near Chipps Island. The
drainage leachate, figure shows that periods of low Delta

outflow correspond with major salinity
Extensive historical data exist on electrical intrusion episodes at Pittsburg, and periods
conductivity (EC) from about 20 Delta of high Delta outflow correspond with
locations. Average EC is generally 100-200 salinity being flushed from the Delta.
microsiemens per centimeter ~S/cm).
Sacramento River EC measurements The Delta is subject to tidal action and
decrease with higher flows, exhibiting a saltwater intrusion. Saltwater intrusion is
typical flow-dilution relationship. Monthly governed by the flushing action of Delta
average EC values for the San Joaquin River outflow and the transport of salt upstream
are usually higher than those for the through tidal mixing exchange. Seawater
Sacramento River, with typical values intrusion has the greatest effect in the
varying between 200/zS/cm and western portion of the Delta, although
1,000/zS/cm. Data indicate that EC increased EC has been measured as far
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upstream as Courtland on the Sacramento is s’mailar to that of Port Chicago. At
River and Stockton on the San Joaquin River Pittsburg, historical EC values have been
during critically dry years before CVP and approximately 3 mS/cm during months with
SWP pumps were constructed (Smith, an effective Delta outflow of approximately
1987). The western Delta and Bay region, 8,000 cfs to 10,000 cfs.
where saltwater intrusion is greatest,
historically has a high EC range. Figure 3.5 shows the historical pattern of

monthly average EC at Collinsville (near the
Figure 3.2 shows the historical pattern of confluence of the Sacramento and San
monthly average EC at Benicia for 1967- Joaquin rivers) for 1967-1991. At
1991. At Benicia, monthly average EC Collinsville, historical EC values have been
values range from less than 1,000/.zS/cm approximately 3 mS/cm during months with
during high Delta outflows to 30,000 ~zS/cm an effective Delta outflow of approximately
during low Delta outflows. Comparison 7,000 cfs to 8,000 cfs.
with Figure 3.1 demonstrates the relationship
between monthly average effective Delta Figure 3.6 shows the historical pattern of
outflow and monthly average EC at Benicia. monthly average EC at Emmaton for 1967-
Considerable scatter in the pattern is the 1991. The Emmaton monitoring station is
result of using monthly average EC values; located farther up the Sacramento River,
the effects of daily changes in effective Delta where the extent of saltwater intrusion is
outflow on EC are not always accurately reduced. Only during a few periods of low
described with monthly average values. The effective Delta outflow (approximately
X2 location (EC of about 3 millisiemens per 3,000 cfs) did saltwater intrusion of 3 mS/cm
centimeter [mS/cm]) will be downstream of extend up the Sacramento River as far as
Benicia only at an effective Delta outflow Emmaton.
greater than 50,000 cfs.

The Contra Costa Canal Pumping Plant is
Figure 3.3 shows the historical pattern of located at the end of Rock Slough. Figure
monthly average EC at Port Chicago 3.7 shows the monthly range of EC at the
(opposite Roe Island) for 1967-1991. pumping plant for 1967-1991 along with the
Comparison with Figure 3.1 shows the corresponding monthly average chloride
relationship between monthly average concentrations at the Contra Costa Canal
effective Delta outflow and monthly average Pumping Plant. The 1995 WQCP includes
EC at Port Chicago. The X2 location will be an export EC objective of less than 1 mS/cm
in the vicinity of Port Chicago during months and a chloride objective of less than 250
with an effective outflow of 25,000 to rag/l, with a specified number of days per
30,000 cfs. year less than 150 rag/l, depending on the

water-year type.
Figure 3.4 shows the historical pattern of
monthly average EC at Pittsburg (near Figure 3.8 shows the monthly range of EC
Chipps Island) for 1967-1991. The measurements in the Delta-Mendota Canal
relationship between monthly average EC near the CVP Tracy Pumping Plant.
and monthly average effective Delta outflow Fluctuations in EC values are caused by
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periods of seawater intrusion, changes in San Mercury
Joaquin River inflow EC, and agricultural Total mercury data are obtained from 10
drainage in the southern Delta. stations. These stations are monitored by

DWR, USGS, CMP and SFEI. The
Seawater intrusion and the movement of X2 minimum mercury concentration was
is more dynamic than indicated by these measured at below detection limits at 3
monthly average EC and outflow values, stations. The maximum mercury
For example, Figure 3.9 shows daily 1985 concentration was measured at Sacramento
Delta outflow in relation to historical daily River at Freeport Marina, with a value of 15
EC values for several western Delta stations ~tg/1. For additional information, refer to
(Benicia, Port Chicago, Pittsburg, Appendix B (note unit changes in database).
Collinsville, and Emmaton). The
interpolated daily position of the EC gradient Selenium
(entrapment zone) and the estimated X2 Total and dissolved selenium data are
position are shown in Figure 3.10 for 1985. obtained from 23 stations. These stations

are monitored by DWR, USGS, CMP and
Metals and Toxic Trace Elements SFEI. The minimum selenium concentration

was measured at below detection limits at 19
Cadmium stations. The maximum selenium
Total cadmium data are obtained from 8 concentration was measured at Sacramento
stations. These stations are monitored by River at Freeport Marina, with a value of
USGS, CMP and SFEI. The minimum 290 lag/L For additional information, refer
cadmium concentration was measured at the to Appendix B (note unit changes in
Sacramento River at Collinsville, with a database).
value of 0.02 pg/1. The maximum cadmium
concentration was measured at Sacramento Zin___c_c
River at Freeport Marina, with a value of Dissolved zinc data are obtained from 10
160 lag/L For additional information, refer stations. These stations are monitored by
to Appendix B. DWR, USGS, CMP and SFEI. The

minimum zinc concentration was measured
~ at below detection limits at 5 stations. The
Dissolved and total copper data are obtained maximum selenium concentration was
from a total of 14 stations. These stations measured at Delta Pumping Plant
are monitored by DWR, USGS, CMP and Headworks, with a value of 4.3 mg/1. For
SFEI. The minimum copper concentration additional information, refer to Appendix B
was measured at below detection limits at 7 (note unit changes in database).
stations. The maximum copper
concentration was measured at Sacramento Synthetic Organics/Pestiddes
River at Freeport Marina, with a value of 20
pg/L For additional information, refer to Chlordane
Appendix B. Total chlordane data are obtained from 3

stations. These stations are monitored by
SFEI. The minimum value was 59 pg/1 at
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Grizzly Bay. The maximum value was the San Joaquin River at Antioch, with a
measured at the San Joaquin River at value below detection limits. The maximum
Antioch, with a value of 254 pg/l. For value was measured at the Sacramento River
additional information, refer to Appendix B. at Collinsville, with a value of 850 pg/1. For

additional information, refer to Appendix B.
Chlorpyrifos
Total chlorpyrifos data are obtained from 5 Disinfection Byproducts in Treated
stations. These stations are monitored by Drinking Water
CMP, USGS, and SFEI. The minimum
value was measured at below detection limits There are four types of trihalomethane
at two stations. The maximum value was (THM) compounds. A total THM
measured at the Sacramento River at concentration (by weight) of 100/zg/l is the
Collinsville, with a value of 46629 pg/1. For basis for current EPA drinking water
additional information, refer to Appendix B standards; however, the greater weight of Br"
(note unit changes in database), causes the three brominated THMs to be

heavier and complicates the comparison of
Diazin0n "II-IM precursors from water samples with
Total diazinon data are obtained from 5 different Br concentrations. To normalize
stations. These stations are monitored by the total THM concentrations, MWQI
CMP, USGS, and SFEI. The minimum studies include computed values of the total
value was measured at below detection limits carbon weight of the four THMs. The
at two stations. The maximum value was carbon-fraction concentrations of the four
measured at the Sacramento River Mile 44, THM molecules are added together to
with a value of 0.70 ~tg/1. For additional calculate the carbon equivalent of the THM
information, refer to Appendix B (note unit concentration, known as the trihalomethane
changes in database), formation potential carbon (’rbT~) in the

MWQI program. The DWR assay is to
DD.___T.T compare the maximum capacity of source
Total DDT data are obtained from 3 " waters to produce disinfection byproducts
stations. These stations are monitored by (DBPs), and produces values that are
SFEI. The minimum value was measured at considerably higher than are actually
the Sacramento River at Collinsville, with a experienced in water treatment facilities.
value of 52 pg/1. The maximum value was
measured at the same location, with a value Figure 3.11 shows the 1982-1995 TFPC
of 728 pg/l. For additional information, refer concentrations calculated by the MWQI
to Appendix B. study for the major Delta inflows and three

export locations. Most Sacramento River
PCB TFPC values were below 30/.zg/1; however,
Total PCB data are obtained from 3 about one-third of the samples were above
stations. These stations are monitored by 30/.tg/1. Most export samples were between
SFEI. The minimum value was measured at 30 #g/1 and 90 #g/l, generally higher than
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values in the Sacramento River. San Joaquin Bromide
River samples were higher than Sacramento Dissolved bromide data are obtained from
River samples, but not distinctly higher than 30 stations. These stations are monitored by
Delta export concentrations. It is difficult to DWR and USGS. The minimum value was
estimate the monthly source contributions to measured at 7 stations, with a value below
export TFPC concentrations because the mix detection limits. The maximum value was
of Sacramento and San Joaquin river water measured at the Sacramento River at Mallard
varies. Island, with a value of 22.6 mg/1. For

additional information, refer to Appendix B.
Bromide and Chloride

Chloride
Salinity in the Delta derives from four major Dissolved and total chloride data are
sources: seawater, San Joaquin River obtained from 32 stations. These stations
inflows, Sacramento River inflows, and local are monitored by DWR and USGS. The
and upstream agricultural drainage, minimum value was measured at 2 stations,
Concentrations of CI and Br increase in with a value of 1 mg/1. The maximum value
proportion to EC values, and each Delta was measured at the Sacramento River at
inflow can be characterized by a specific Mallard Island, with a value of 6060 mg/1.
chemical composition. Available data For additional information, refer to Appendix
indicate that the ratio of CI to EC in each of B.
the different Delta sourcewaters (e.g.,
Sacramento River, San Joaquin River, and The chloride concentrations and CI/EC ratio
seawater) is nearly constant, and therefore in Delta inflows at Chipps Island and at the
can be used to distinguish the source of export locations for 1982-1995 are shown in
water sampled at different Delta locations. Figure 3.11. In Sacramento River inflows,
The CI/EC ratio of agricultural drainage EC values are generally 100-200/~S/cm and
return flows depends on the source of the CI concentrations are usually 5-10 rag/1.
water used to irrigate the fields. Although The CI/EC ratio averages 0.04 in the
evaporation and consumptive use increase Sacramento River, and the average Br-
the concentration of salts in drainage return concentration is low (0.05 rag/l). In San
flows, the overall C1-/EC ratio remains Joaquin River inflows, EC values are much
relatively constant. Where Br- higher (150-1,300/~S/cm) and CI
measurements are available, data indicate concentrations fluctuate between about
that all three sources of Delta water have a 20 rng/l and 150 mg/l. The C1-/EC ratio in
nearly identical and constant Br-/CI ratio of the San Joaquin Rivet increases from about
0.0035. Variability in the Br-/CI ratio is 0.08 at low EC values to about 0.15 at high
greatest for the Sacramento River because of EC values. The change in the CI’/EC ratio
the low concentrations of CI and Br’. may be explained by the fact that San

Joaquin River inflow is a mixture of San
Joaquin River water, which contains
significant amounts of agricultural drainage,
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and Stanislaus River water, which has a low residue and wetland plants have been
average C1-/EC ratio and may therefore postulated but have not been measured.
decrease the ratio in the San Joaquin River
during seasonal periods of high runoff. The Dissolved Organic Carbon
C1-/EC ratio has averaged about 0.30 for Dissolved Organic Carbon data are obtained
MWQI samples from Mallard Island, near from 32 stations. These stations are
the confluence of the Sacramento and San monitored by DWR, CMP, USGS and SFEI.
Joaquin Rivers, because a mixture of The minimum DOC was measured at the
Sacramento River water and ocean water Sacramento River at Mallard Island, with a
was presumably collected in the samples, value of 0.8 mg/1. The maximum DOC was
Br- concentrations would be about 17.5 mg/1 measured at the Santa Fe-Bacon Island Cut
at Mallard Island when C1- concentrations near Old River, with a value of 30 mg/1. For
are 5 mg/l, resulting in a Br-/CI ratio of additional information, refer to Appendix B.
0.0035. The CI/EC ratio for seawater is
approximately 0.35. ..TOtal Organic Carbon

Total organic carbon data are obtained from
The export CI" concentrations during the 3 stations. These stations are monitored by
period ranged from 15 mg/1 to 300 mg/L CMP and USGS. The minimum value was
The highest concentrations of export C1- measured at 2 stations, with a value of below
generally coincided with elevated CI/EC detection limits. The maximum value was
ratios. The only sourcewater with a C1-/EC measured at the Sacramento River at
ratio greater than 0.15 is seawater. Freeport Marina, with a value of 7.90 rag/1.
Consequently, the data suggest that the For additional information, refer to Appendix
dominant source of CI during these periods B.
is seawater. Contra Costa Water District
water diverted from Rock Slough generally Pathogens
has a higher C1-/EC ratio than that found at
other export locations. Biological Indicators (bacteria)

Bacterial counts (as fecal coliform and fecal
Total and Dissolved Organic Carbon streptococci) are obtained from the

Sacramento River at Freeport Marina as
DOC values are lowest in the Sacramento monitored by USGSo Fecal coliform counts
River, averaging about 2 mg/1 but range from 3 to 1200 colonies/100 ml. Fecal
occasionally exceeding 3 mg/1. The San streptococci counts range from 2 to 2000
Joaquin River and Delta export DOC range colonies/100 ml. For’additional information,
between 3 mg/1 and 6 mg/L The MWQI refer to Appendix B.
study concluded that Delta island drainage is
a major source of DOC based on the high The Metropolitan Water District of Southern
concentrations measured and the mass load California (MWD) conducted a pathogen
estimated from historical drainage volumes, monitoring survey of selected upstream and
Some contributions of DOC from crop downstream sites in the SWP/Delta system
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from April 1992 through April 1993. The Aqueduct Checkpoint 29. This relationship
study evaluated the following sites that was also evidenced for Giardia lamblia and
potentially affected pathogen loading in the Cryptosporidium. Moreover, two of the
water system, including: three positive enteric virus samples were

recovered at Greene’s Landing. The source
¯ Greenes Landing, which represents of pathogens at Greene’s Landing is not

water prior to entering the Delta, known, but may include effluent from
located 10 miles downstream from upstream sewage treatment plants, release of
City of Sacramento wastewater sewage from boats, upstream recreational
discharges; activity, and nonpoint fecal discharge.

° H.O. Banks Pumping Plant The protozoan appears everywhere in the
headworks (Milepost 3.3), which water environment. In a survey of waters in
reflects SWP water quality entering the western U.S., 91 percent of sewage
the California Aqueduct; samples, as well as 77 percent of rivers and

75 percent of lakes receiving wastewater
¯ Delta-Mendota Canal (Milepost 67), discharges or agricultural pollution were

which reflects the quality of water found to contain oocysts at varying levels
being introduced from the San Luis (Rose, 1988). Even 83 percent of pristine
Canal at O’Neill Forebay; and water supplies with no human activity in the

watershed contained Cryptosporidium
¯ Aqueduct Checkpoint 29, which oocysts. Limited samples of treated drinking

represents a site immediately above the water reported 28 percent of the samples
southern California area. contained oocysts. The levels of oocysts in

these waters are shown in Table 3.19.
A total of 48 samples were collected and MWD also conducted a pathogen monitoring
analyzed for Giardia Iamblia cysts, survey of reservoirs in southern California
Cryptosporidium parvum oocysts, enteric receiving State Water Project water and
viruses and coliform bacteria. The percent Colorado River water. The results indicated
positive and mean concentrations that in both source waters, as measured
(cysts(ondocysts)/100 L) at each of the four downstream of Banks Pumping Plant, the
stations for protozoans are shown in Table levels of Giardia lamblia cysts ranged from
3.17. 0 to 1.5 cysts/100 L with a mean of 0.05

cysts/100 L. Cryptosporidium oocysts
Means and ranges for total and fecal ranged from 0 to 1.8 oocysts/100 L with a
coliform bacteria concentrations at the four mean of 0.18 oocysts/100 L.
sites are shown in Table 3.18 Giardia lamblia and Cryptosporidium

parvum concentrations in SWP/£0elta water
In general, these results suggest that the were approximately six times lower than in
highest coliform activity occurred at surface water compared in nation-wide
Greene’s Landing, and the lowest at surveys (LeChevallier, et al., 1991).
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Table 3.17 Percent Positive and Mean Concentration Range of Giardia Lamblia Cysts and
Cryptosporidium Parvum Oocysts at Four Sites

Giardia lamblia Cr~ptos~ ~oridium

Percent Mean (Range) Percent Mean (Range)
Site Positive Conc. Positive Conc.

Greene’s Landing 42 37 (8-82) 50 50 (5-132)
Banks Pumping Plant 0 0 (NA) 25 54 (32-70)
Delta-Mendota Canal 8 6 (6) 58 40 (9-92)
Aqueduct Checlqmint 29 0 0 (’NA) 8 17 (17)

Table 3.18 Mean Concentration and Range for Total Coliforms and Fecal Coliforms at
Four Sites

Coliform Concentration Mean (Range)
Site Total Coliforms (MPN/100 mL) (1) Fecal Coliforms (MFL/100 mL)

iGreenc’s Landing 666 (140-1600) 24 (1-120)
Banks Pumping Plant 112 (11-500) 76 (0-310)
Delta-Mendota Canal 268 (13-1600) 16 (0-100)

Aqueduct Checkpoint 29 20 (2-50) 11 (0-99)
NOTE: (1) Most Probable Number/100 milliliters.

Table 3.19 Cryptosporidium Oocysts in Typical U.S. Waters

Water Source Percent of Samples Average Oocysts
Positive for Ooc~’sts per Liter (1)

Sewage, raw 91 4 - 5180
Sewage, treated 91 4 - 1297
Streams/Rivers 77 0.94, 1.09,. 1.3
Lakes/Reservoirs 75 0.58, 0.91
,Pristine Rivers 83 0.02, 0.08

Treated Drinking Water 28 0.002, 0.009
NOTE: (1) Geometric means of samples.

SOURCE: Rose, 1988.
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4.3.2 Impaired Water Bodies East Main Drain and Sacramento Slough.
These two water bodies contain elevated

Water bodies impaired by parameters of levels of diazinon and chlorpyrifos. Sources
concern, according to the 303(d) list are include agriculture and urban runoff.
shown in Figure 3-12. More detailed Natomas East Main Drain has elevated levels
information pertaining to the Section 303(d) of PCBs, and Sacramento Slough has
list is provided in Appendix D. elevated mercury. These bioaccumulative

substances impair recreational beneficial uses
Sacramento River Basin (e.g., fishing) in these areas.

Several drainages in the Sacramento Basin San Joaquin River Basin
contain metals in concentrations that may
impair environmental beneficial uses. The Urban and industrial runoff contribute to the
upper Sacramento River (Shasta Dam to Red overall mass loading .of parameters of
Bluff) contains elevated copper, cadmium, concern in the San Joaquin River Basin.
and zinc. Loadings to the river in this region However, in this basin, urban runoff is not
are predominantly from mine drainage considered a major source of diazinon or
although urban runoff does contribute a chlorpyrifos relative to agricultural sources.
measure of mass loading of these metals to The principal sources of identified
the upper Sacramento drainage, parameters of concern are agriculture and

some mines.
Data collected on the lower Sacramento
River (Red Bluff to the Delta) indicate that Delta
this main water body is impaired with regard
to environmental and recreational beneficial Runoff from the first major storm of the year
uses, due to elevated mercury, diazinon and in Stockton appears to annually produce an
chlorpyrifos. Both the lower American River oxygen deficit causing fish kills in adjacent
and the lower Feather River are similarly Delta sloughs. The cause of the deficit is not
impaired. Elevated mercury in these yet known (Foe, 1995). The Delta contains
tributaries may pose a risk to people who elevated mercury, diazinon, and chlorpyrifos.
catch and consume fish. Elevated levels of These constituents impair environmental and
diazinon and chlorpyrifos have been recreational beneficial uses. Urban runoff
documented in the lower Feather River. In from cities in the Central Valley contribute
these three water bodies, urban runoff has mass loading of these parameters of concern.
been identified as a source of mercury, and in
the lower Sacramento and Feather rivers, San Frandsco Bay
urban runoff has been identified as a source
of diazinon and chlorpyrifos. Numerous water bodies drain to the San

Francisco Bay Delta Estuary, many of which
Other water bodies that are influenced by are listed as impaired water bodies under
urban and industrial runoff include Natomas Clean Water Act Section 303(d). For
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example, the Napa and Petaluma rivers are
conveyances for a combination of urban and
agricultural runoff, and may contribute
pathogens, nutrients, and turbidity to the
CALFED problem area. Urban runoff from
cities around San Francisco Bay and San
Pablo Bay is a significant source of metals to
the estuary.

CALFED Bay-Delta Program Water Quality
Draft Affected Enviromnent Technical Report September 2, 1997

3-85

C--003854
C-003854



4. REFERENCES

Arthur and Ball. 1978.

Ayers, R.S., and D.W. Westcot. 1995.

California Department of Water Resources. 1994. California Water Plan Update. Bulletin.
Volume 1 & 2 and 160-93. 398 pp.

1986. DAYFLOW Program Documentation and Data Summary User’s Guide.
February. Central District. Sacramento, CA.

1993. Delta Atlas. 121 pp.

June 1990. Delta Island Drainage Investigation Report of the Interagency Delta
Health Aspects Monitoring Program: A Summary of Observations During Consecutive Dry-year
Conditions - Water Years 1987 and 1988. (draft report.) Division of Local Assistance.
Sacramento, CA. 110 pp. plus appendices.

¯ Date unknown. D-1485 Continuous Water Quality Monitoring Program
Database.

1994a. Five-year report of the Municipal Water Quality Investigations Program.
Division of Local Assistance. Sacramento, CA.

California Department of Water Resources, IDHAP. 1989.

California State Water Resources Control Board. 1985. Water Quality Monitoring Report No.
85-1WQ. Toxic Substances Monitoring Program. Sacramento, CA.

¯ 1989. Information pertaining to water rights in California. Sacramento, CA.

1990.

1992. Water quality assessment. Section 305(b) report. Division of Water
Quality. Sacramento, CA.

1994. Water quality assessment. Section 305(b) report. Division of Water
Quality. Sacramento, CA.

1995a.

CAI.Y~D Bay-Delta Program Water Quality
Draft Affected Environment Technical Report September 2, 1997

4-1

C 003855
C-003855



¯ 1995b.

California Urban Water Agencies (CUWA). September 1995¯ Annual Report of Activities for
1995¯ 19 pp.

¯ December 1996. Bay Delta Drinking Water Quality Criterion. 72 pp.

City of Stockton. 1996. Written testimony for California State Water Resources Control Board
workshop on development of water rights decision to implement requirements for the San
Francisco Bay/Sacramento-San Joaquin Delta estuary. March 12, 1996. Stockton, CA.

City of Modesto. June 1993. Secondary Treatment Improvements and Alterations.

Contra Costa Water District and U.S. Department of the Interior, Bureau of Reclamation, Mid-
Pacific Region. 1993. Stage 2 environmental impact report/environmental impact statement for
the Los Vaqueros Project, Contract Costa County, California. Final. September 8, 1993¯
Concord and Sacramento, CA. Technical assistance provided by Jones & Stokes Associates, Inc.
(JSA 90-211); Montgomery Watson Americas; Woodward-Clyde Consukants; and Sonoma State
University. Sacramento, CA.

Entrix, Inc., and Resource Insights. 1996¯ Draft environmental impact report/environmental
impact statement (EIR/EIS), Interim South Delta Program (ISDP). Volume I. July. Sacramento,
CA.

Feachem, R.G., D.H. Bradley, H. Garelick, and D.D. Mara. 1983¯ Sanitation and Disease Health
Aspects of Excreta and Wastewater Management. New York, John Wiley & Sons.

Foe, Christopher. 1995. Insecticide Concentrations and Invertebrate Bioassay Mortality in
Agricultural Return Water from the San Joaquin Basin. 183 pp.             .

¯ June 1995. Evaluation of the Potential. Impact of Contaminants on Aquatic
Resources in the Central Valley and Sacramento-San Joaquin Delta Estuary. 23 pp.

Hanson, B. 1993. Agricultural Salinity and Drainage: A Handbook for Water Managers.
University of California, Davis.

LeChevallier, M.W., W.D. Norton, and R.G. Lee. 1991. Occurrence of Giardia and
Cryptosporidium spp. in Surface Waters. Applied Environmental Biology, Vol. 57, p. 2610.

Mass, EV, and G.J. Hoffrnan. 1983. Sensitivity of corn at various growth stages. California
Agriculture, 37(7), July-August.

Marshack, Jon B. July 1995. A Compilation of Water Quality Goals.

CAI.FED Bay-Delta Program Water Quality
Draft Affected Environment Technical Report September 2, 1997

4-2

C--003856
(3-003856



Miller, et al. 1986.

National Cancer Institute. 1976. Carcinogenesis bioassay of chloroform. (PB264018/AS).
National Technical Information Service. Springfield, VA.

Parameter Assessment Team. April 1997.

o Peeters, J.E., E.A. Mazas, W.J. Masschelein, I. Villacorta Martinez de Maturana, and E.
Debacker. 1989. Effect of Disinfection of Drinking Water with Ozone or Chlorine Dioxide on
Survival of Cryposporidium parvum Oocysts. Applied and Environmental Microbiology. Pp.
1519-1522.

Peterson. 1985.

Regional Water Quality Control Board - Central Valley (Region 5). 1994. Water Quality Control
Plan (Basin Plan) for the California Regional Water Quality Control Board Central Valley Region,
Sacramento River and San Joaquin River Basins.

. March 1996. Amendments to the Water Quality Control Plan for the
Sacramento River and San Joaquin River Basins for Control of Agricultural Subsurface Drainage
Discharges: Executive Summary. Draft Report. 20 pp.

Regional Water Quality Control Board - San Francisco (Region 2). Date unknown. Water
Quality Control Plan for the California Regional Water Quality Control Board San Francisco
Region.

Rendtorff and Hok. 1954.

Rose, J. 1988. Occurrence and Significance of Cryposporidium in Water. Journal AWWA. Pp.
53-58.

Rose, LB., C.N. Haas, and S. ReglL 1991. Risk Assessment and Control of Waterborne
Giardiasis. American Journal of Public Health. Vol. 81, No. 6, pp. 709-713.

Rose, J.B., C.P. Gerba, and W. Jakubowski. 1991. Survey of Potable W~iter Supplies for
Cryposporidium and Giardia. Environmental Science and Technology, 25: 1393.

Smith, L.H. 1987. A Review of Circulation and Mixing Studies of San Francisco Bay,
California: (Circular 1015). U.S. Geological Survey, Denver.

U.S. Environmental Protection Agency. 1976.

¯ Date unknown. STORET data base.

CALFED Bay-Delta Program Water Quality
Draft Affected Environment Technical Report September 2, 1997

4-3

C--003857
(3-003857



APPENDIX A

WATER QUALITY AND SEDIMENT DATA SIYMMARY
TABLES

C--003858
C-003858



~O
~-~

CALFED                                                                                              O
WATER QUALITY DATA SUMMARY                                                                                                                    ~

General Parameters                                                                                                                            (.~

Pace I of 9



WATER QUALITY DATA SLrMMAB.Y
General Par~�{~                                                                                                                            (’~



P~e 3 o£9



t’~

CALFED O
WATER, QUALITY DATA SUMMARY

Gene~a[ P~une~efs                                                                                                                           (-~

PaI~ 4 o£ 9



WATER QUALITY DATA SUMMAI~Y O

Genera| Parameters (.~



cO
CALF£D

WATEP~ QUALITY DATA SU~4ARY
Geac~al ParamOurs                                                                                                                           (.~

Pale 6 o~’9



CALFED
WATER QUALITY DATA SUMMARY

Gener!!

of" 9



CALFED
WATER QUAJ.ATY DATA SUMMARY

Gen~sl P~ram~t~’s

(~) ~ O~s ~ an ~

To~ a~

~ ~e, ASTM

P~ ~ T~

P~ ~ T~

P~ ~ T~



0
WATER QUALITY DATA SLG/IMARY O,

Oenera~ Parame/ets (.~

Pqic 9 01"9



CALFED co
o

WATER QUALITY DATA SUMMARY o,
Nutrients O

Amtnc~a <.- Gcee~s )<-Banks X- ~’ater 8391 Stt)dy of Ddnkir)g ~a~ifo~a Brown & Ca~wetl t995

Landing Pump~tg Sacramento Water Qu~ity In Del~al Ucban Arch~bakl & Wailbecg

F~ant Reg~xla~ Tributaries Water Co~sulla~s
Wastewater /’,(3eric{as Ma,’~in Jung &
Treatmant Associates
Plant McGu~’e

Envtranmanta~
Cortsu~mts, Inc

Ammorda X- Freeport, X-Stocktan, X.-Nodh, Nater 1993 1993 Annual Raped San Frar, c~sco Estu~’y 1993

Rio Vista Vema, s, Sot.P,h, San Frac;c~sco
Marrteca Cecdra~ Estuary Reg~o~a~

Mad, toting R’o~Fam

Art’)mania X- Freeport, X-Stockton, )<-North, water 1994 1994 Annual Report San Franc~co Es~ua~" 1994

Rio Vista Vema~s, South, San Fra~c~sco
Ma~teca Central Estuary Regiona~

Mon~todng Program
rot Trace Sut)sta~ces

Ammonia X X X-Norltt, water, 1995 1995 Aertual Repeal San Fmnc~sco Estuary 1995
South, sediment San Francisco ~nsttfute
Central Estuarf Regiona4

Mo~er~g Prepare
~’or Trace Substances

A~,~-da X- Laird Park. X- Mu~e X- TID #5 water 91 Deparb’nent of Lisa Ross Nov-91
Stevenson, (daiw Pesticide Regulation.

Fremont Ford, disch~ge) Memorandum.
Patterson, H~ Pre~imlnary Resulls
Fen~, Vema~ls ~ the San Joaqu~n

River St~Sy; March

Ammorda X- Laird Pad~ X- mu~p~e Xo T|D #5 water 91-92 Depadmer~ of Lisa Ross May-92

Stevenson, ~datry PestP.-.ide Regulation.
Fre~rto~ Ferd, discharge) Me~. ,
Pattarson. Hill Pmlimina~’y Restdts
Ferry, Verna~s, of the San Jo~n
Maze B~vd. River Study; V~n~er

1991-2

Ammonia X- Laird Park, Xo Mu~tip{e X- TID#5 wa~er 92 Dep~tmerd of Lisa Ross Ap~’°93
Stevenson, (dairy Pestick~e Regtdation.

Fremord Ferd, d~scharge) Memorandum.
Patterson, H~I ~ F)miirrdna~y Results
Femj, Verna~is, ~f the San Joaquin

Maze Btvd. River Study: Spring
1992

Ammonia X- 5 locations water 10/92- Mun~c~pa~ Sto(m Camp,    Kinelic Laboralodes, Jan-g4
~eprese4Y~flg 2/93 ~ter D~schacge Dresser & Inc.
residen~aJ, Managemertt McKes,
:ommerc~a~ Program Ted’.’tic~ Inc.
and k,,dust~al ~emomndlJm Task
!and uses 3.1 Storm Water

Stl)dy

x:CALFEDWVQUALITY/WQ-SUM,XLS Page 1 of 4



CALFED
WATER QUALITY DATA SUMMARY

Nutrients

Ammonia X- Laird Park, ~.- Mu~ X- TID #5 water 92 Department of Usa Ross Sep-9;
Steve~sor=, [dairy Pesticide Regulation.
Fremont Ford, ~lscharge) Memorandum.
Patterson, I-~ P~e~trrdna~ Results
Fe~’y, Vematis, of the San Joa~luin
Maze Bird. Rivet Study; Surn~er

1992
iAmmonia X- Laird Pad~ X- Mu~ip~e X- TID Ll~ed water 91-92 CRWQCB Insecticide Christopher Foe, Dec-95

A~ Way, 3,5.6, Conce~tratio~s and CRWQCB
:Hi~ts Ferry, Spanish Invertebrate Bioassay

Gra~t M orta~lty in

..................... ~ .. Agdcuttura! Return
....................... Water from the Ssn .................

Joaquin Basin

~ ~o Laird Park, )~- Mu~p~e >(- TID #5 w~ier 92-93 Department o~ Lisa Ross Sep-93~
.Stevenson, Idairy Pesticide Reg~atk)n.
Fremont Ford, ~ischa~e) Memerand~n.
Patte~"so~0 Hill Prailndna~ Resuit=
Ferry, Vema~s. of ~he San Joaquln
Maze B~KI. River Study; VV~der

1992-3
~nmonta ~ X-AG 88-90 bioassay, Insecticide Centr~ Valley 199~

drought Conce~trations and RWQCB
~a~s . Invertaixate Bioassa)

Mortify in
Agricultural Return
Wate~ fi’om San
Joaquin Basin

A~.nmorda X- Mu~p~e >(- Mu~e X X- S~n 75-9~ ~,vagable via Interage~cy
Pai~o Bay rttemet Ecok~cat Program

lwww,iep.ca, ro~ the S~’amento

Monttodrt9 Database
Nib~e X- 5 Ioca6or~s water 10/92- Mud, cipa~ Stom~ Camp.    Kinetic Labo~ato~es, Jan-94

refx~e~k~ 2/93 VVater Discharge Dresser & inc.
~ai. Management McKee,
commerc~ P~ogram Technlca~ inc.
a~l industda~ Memorandum Task
la~l uses 3.t Storm V~ter

Chmactedzation
s~y

Nitrate~itdte X- Freepod X-Banks X- wa~er 90-93 Study of Drinking    Caiffomla B~wn & Ca~dwe~ 1995
Putmp~g Sacram~to ware� Quality in Del~a Lkba~ Archibald & Wa~lberg
Rant Regional Tdbu~des water Co~suttants

wastewater Age~:ies Marvin Ju~J &
Treatment Associates
Pratt McGuire

Envimrm~.~tai

Rio Vista ;Vemail$, South, San Francisco Institute
Manteca Cerdral Estuar~ Reglerta~

Mon~lodng Program
for Trace Substances

x:CALFED~,WQUALITY~,WQ.SUM.XLS Page 2 of 4



0
I’~
co

CALFED o
WATER QUALITY DATA SUMMARY o,

Nutrients O

x:CALFEEPNV~UALITYWVQ-SUM.XLS Page 3 of 4





CALFED
WATER QUALITY DATA SUMMARY

Salts

Bromide X- Greens X- Vernalis X-Natomes Study of ~ Water California Urbart Brown & Caldwal~

Ladling East Main Query in Delta T~ Archibald &

Co~uttards
Marvin Jung &

McGuira
Env~’~e~l
Consulta~$, k~c

_ _ Brornk~ .... X,Gmene°s X- Vernal~s ~. ................. drainage pumping water 82-91 a4~:~’tdix C1~ I Delta We{lands Io~es & Stokes    ,Sep-9~
landing Mendola " >lant ...... a~nalysis of Delta Inflow and: Project?? " ~,Ssociate~?? ......

Canal sloughs Export Water Quality Data
other,=

Bromide X-Gree~e’$ X- Vematls X- drainage pumping water" 82-91 ~ppendix C1- Delta Wetlands Joc~es & Stokes Sap--95
lartding Mendola dant ~,na~J.s of Delta Inflow and Project?? ~.ssociates??

Car~l sloughs Export Water Quality Data

Chlodde X- Steve~=o~ water -87-88 ~Nater..Qualif.y Data, San USGS,
Joaqui~ Valk~y, Ca~ifernia0 Regto~d Aquifer-
a,p~i11987 to September System Analysis
1988 San Joaquk~ Vall~

D~naga Program

Chloride X-Greene’,= X- Vs,’naiLs X- drainage pumping water 82-91 iAppendix Cl- Delta Wetlands ’Jones & Stokes Sep-~:
landing Mendola >tan~ =Analysis of Delta Inflow =~1 Project?? Associate=??

Canal skx~gh= Expod Water Quality Data

I
Chlotlde X- Multiple X- Multlp~e X (- San 75-93 Available In~erage~cy Eco~ical

pablo Bay via interrmt Program for the
www.iep.ca Sectame~to San Joaquin

Mo~tor~g D~tabase
METAFILE.DOC

E-’~ X- Freeport, X-Stockton, X-North, water 1994 1994 Arm~Jal Repod Sa~ Francisco 1994
Rio V’~ta Vema|is, South, San Francisco Estuar~ Estuary Ins’d0.de

Mantaca Cerdrat Regional
Program for Trace
Substances

EC X X X-North, water 1995 1995 Armual Report San Francisco 1995
Sou(h, San Francisco Estuary Esk~7 ~nslltu~a
Central Regiona! Monlto~ng

Prog~’em for Trace
Substacw.es

x:\CALFED\WQUALITY~WQ-SUM.XLS Page 1 of 4



CALFED
WATER QUALITY DATA SUMMARY

Salts

EC              X- Veterans                                                                                                         water      94-95 :          Sam’ame~to Coordinated Sacramento    Larry Walker
Bridge, ! Water Quality Monitoring Regional Cou~y Associates

Freeport i IProgtam
DistrictMarina, j . t 995 Armu~l Report

~ Mile 44 i Sacramento
County Water

City of
~ramer~to

Ec ...................... K-s~r~ Cr~ ....................... w~r .- 7~o ..... IE,~ of Lethal LeveLs. _ ..... Bdar~ J÷ Fkdaysor~ ,1969"-----~_

~eswic~ Release Criteria, and Water Dermis C. Wlison

F~eservoir, IQuaiity Objectives for en
Keswick Dam - Acid Mine Waste in Aquatic

Sacramento) Toxicology and
Environmental Fate:
Eleventh V~/urne , ASTM
STP 1007, pp. 189-203

: Iwater.-Quality Data, Sert USGS,E(3 X- Stevenso~ water ~ 87-88
Joaqu~n Valley, California, Regional Aquifer-

I IAp~i~ ~ ~7 to SepZamb~r Systam .~na~y~ I~.
I 11988 San Joaquin Valley

D~nage Progrern
EC X= Laird Park, K- Multiple Xo TID #5 water 91 =Department of Pesticide Lisa Ro~s Nov-91

Slevenso~, [dais’ ,’ .IReguiati°n, Memorandum.

Fr~Ontpatterso~Fo~l,H~l "                   San Joaqu~ Riwr ~ tudy;,

X- TID #5 w~ter 91-~2 IDepm~ment of Pest~id~ ~ Ross Idly°92 IEG X- Perk,

Patterson, H~ ! San Joaquin River Study;,

EC X- Laird Park, X- Multiple X- TID #5 w~ter 92 Depadment of Pesticide Lisa Ross

Stevenson, [daky ; Regtdat~on. Memorandum.

F=’emo~t Fo~l, discharge) i Preliminary Resu~s of the

iPatterso~, Hill I i Sen Joaquin River Study;

EC X- 5 w~ter 10/92- i ~u~iclpal ~ton’n Water Camp, Dresser l<i~t~ J~n-94
loc~ier~s 2/9:3 I .D~ Ider~ern~of & McK~, Ir~. L~er~ori~s, ~n~.

resk~mlia], i Memerandum Task 3.1
commercial i ; Storm Water
and

i
I Cherac~er’Bati°~ Study

industrial w

x:\CALFEDWVQUALITY~WQ-SUM.XLS Page 2 of 4



CALFED
WATER QUALITY DATA SUMMARY

Salts

EC ........ X- Recehrir)g X- Mine water 8~.90 aJso list    CVRWQCB, Central Ve, lley Barry MontOya, Jul-92
waters below ~’ak’mge, ~vaste rock Region Standards. Policies.; XJama~g Pen
Sacramerdo ~’zasta D~m ~H, and and Special Studies Unit,
Valiey mines ac~f Inactive Mine Drainage in

gene~ting lhe Sacramento VaF~y,
~ Ca~’omla

EC X- Laird Park~ X- Mu~t~p~ X- TID #5 water 92 Department of Pesticide Lisa Ross Sep-93

Stevenson, (daky Regulation. Men’KXa~’K~, I

- - - Fremont Ford, ............................... discharge) ........... . .. . Preliminat’y Results of the ...........
Patterson, Hill Sen Joaquin River Study;
Ferry, Vernalis, Summer 1992
Maze Blvd.

EC X- Laird Park, X- Multlple X- TID #5 water 92-93 Department of Pesticide Lisa Ross Sep-93

Stevenson, (dairy Regulation. Memerandu~.
Fremont Ford, discharge) Prelimina~ Resu~s of the
patterson° Hilt San Joaqu~n River Study;,

Fen~, Vernalis, ~nter 1992-3 ’~"
Maze Blvd.

EC X- Freeport, K-Stockton, X-Nerth. water 1993 1993 Annual Report S~n Fra(~cisco 1993

Rio Vista Vemalis, South, !San Francisco Estuary Estuary Institute ~O
~mteca Central Regional Monitoring

Program fer Trace ~

EC X- Multiple X- Multiple !X X- Sen 75-93 Available ilnterage~-,~y Ecoiogic~! ~

Pab~o Bay via ~’~emet Program for the
~www,lep.ca Sacramento San Joaqu~

.goy       Delta. Water Quality                                                   ~
Merdt odng Database

IMETAFILE.DOC                                        (~
S~zlinity X- Freepod, X-Stoc~terh X-Nod.h, water 1993 1993 Annual Repod San F~ 1993

Rio Vista Vernalis, South, Sen Franc~::o Estua~ Es!.ua~ InsUOJ4e

Aerdeca Central Regional Monitoring
Pz’o~am for Trace
~Substences

Salin~"’~y X- Freeport, X-Stockton, X-Nodh, water 1994 1994 Annual Report Sa~ Francisco 1994
Rio Vista Vernalis, South, Sen Francisco Estua~ Estuary Instit~e

Manteca Central Region~ Monitoring
Program for Trace
Substances

Salln’-"~y X X K-Nerth, water 1995 1995 Anntm] Repod ’Sa~ Francisco 1995
Sou~h, ~San Francisco Estuap/ Estuary Institute
Central Regional Monitoring

Program fer Trace
Substances

~’-~--tnity (TDS, EC) X-Vemalis, 85--87 Iow/hlgh Sources and USGS/Saphe~ 198~
multiple flow, mud Concentrations of Selenium Clifton, Robed

and salt in the San Joaq~Jin River Gilliom

x:\CALFED~,WQUALITY~WQ.SUM.XLS Page 3 of 4



CALFED
WATER QUALITY DATA SUMMARY

Salts

Sslin~ty (TDS, EC) insecticide Cor~antratio~= Central Valley
and Invedelxate Bicassay RWQCB
Mo~lality in A,~al
Return Water from Sa~
Joaquin Basin

Salinity (TDS, EC) X-Gree~e’s X- Vema~s X- drak’mOe pumping iwater 82-91 Appendix C1- Deita Wetlands Jones & Stokes Sep-95

la~ Mendo~a plant I Analysis of Delta Inflow and P~P? Associates??
Canal sloughs Export Water Quality Data
o~ne~

Salin~ (TDS, EC) X-Mu~ipla X 1955, Appendix C2:A~alysis of Delta Wetlands Jo~es & Stokes Sep-gb
86-92 Delta Agtic~ltoral D~dnage Project?? Associates??

Water Quality Data

Salinity (TDS, EC) X~kJtliple X so~ 67-91 AppendixC4: De~a Delta Wetlands Jo~.s & Stokes Sep-g~
drainage water Quality Project?? Associates??
Model

TDS X- Stevertso~ water 87-88 Water-Quality Data, Sa~ USGS,
Joaq~n Valley, California, Regional Aq~ifer-
Apri~ 1987 to Septembe~ System/malysis
t988 San Joaq~n Valtey

:TDS X- 5 ~aler 10/92- Mu~cipal Storm Water Camp, Dresser Kineti~ Jan-94
k:w.aticns 2’93 Discharge Ma~,ernent & McKee, k’~ ~, Inc.
representing Program Technical
resk:~ntlal, Memorandum Task 3.1
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drought years Concerdratlons and RWQCB

Invertebrate
Bioassay Mortality
~ AgrioJlturel
Return Water from

=Sa~ Joaqu~ BaSin

Chlorp~ ;reepod, Vernalis, ch~pps X x 91-92 followix~g rainfall, Cor~.~,~b-at;ons, Kathryn Kuivala, 1994
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pestk::ides ~f Pesticides in the I WQAP Joseph
fol~ving storms San Joaquin River,
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~ X- Laird Park, X- Multip~
i

~.- TID #5 water 3/91- Depa~lment of Lisa Ross Nov-91
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Newman Wasteway Lhe San Joaquin
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Maze Blvd. Oreslimba Creek, of the San Joaquin
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Stanislaus River, Summer 1992
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Data Literature Montgome~’y
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Quality Objectives for an
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South. ~ sediment San Francisco Esfuaw Es~a~y Institute
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;ac~a~nto Sacramento dischargers- CVRWQCB A Mass Loading Fred Btatt,
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WATER QUALITY AND SEDIMENT DATA AT VARIOUS DELTA
LOCATIONS

Following are minimum, maximum, mean, and standard deviations for water and
sediment quality data from monitoring locations throughout the Delta. This data was
compiled from the listed sources. This data will be used in the PEIS to compare change
in parameters of eoncem at various points in the Delta due to different alternative
configurations.

Sources for Water Quality Data

San Francisco Estuary Institute, Annual Reports 1993 through 1995.

USGS data collected on the Sacramento River at Freeport. Data obtained through USGS
web page.

Sacramento Coordinated Water Quality Monitoring Program, 1995 Annual Report.

DWR Municipal Water Quality Investigations Program. Data generated by this program
was supplied by Collette Zemitis of DWR-DLA.

Sources for Sediment Quality Data

DWR Interim North and South Delta Programs

Environmental Study for the Interim South Delta Program: Water, Sediment, and Soil
Quality, DWR-DLA, 5/94

Water and Sediment Quality Study for the Interim South Delta Program, DWR 5/95

Environmental Study of Dredged Materials in Old River, Interim South Delta Program,
DWR, 5/97

Environmental Study for the Staten Island SRAH Test Project Phase II, Water Sediment
and Soil Quality Report, 8/94

Environmental Study for the Interim North Delta Program, Water Sediment and Soil
Quality, DWR 5/95

Reports and data supplied by Collette Zemitis of DWR-DLA

San Francisco Estuary Institute, Annual Reports 1993 through 1995.
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Monitoring Agency or
Station No. Location Program Station Name

1 Outside delta CMP Nimbus
2 Outside delta DWR American River WTP
3 Outside delta CMP Discovery Park
4 Outside delta DWR Sacramento River @ W. Sac Intake
5 Outside delta CMP Sacramento River @ Veterans Bridge (outside map area)
6 Northern Delta CMP Sacramento River @ Freeport Marina
6 Northern Delta USGS Sacramento River @ Freeport Marina
7 Northern Delta CMP Sacramento River Mile 44
8 North Bay DWR Barker S1. @ North Bay PP
9 Northern Delta DWR Delta Cross Channel nr Walnut Grove
10 Northern Delta DWR Georgiana SI. @ Walnut Grove Bridge
11 Northern Delta DWR Sacramento River @ Rio Vista Bridge
12 Northern Delta DWR Mokelumne R. below Georgiana SI.
13 Central and Southern DeltaDWR Little Potato S1. @ Terminous
14 Western Delta SFEI Pacheco Creek (outside area map)
15 Western Delta SFEI Grizzly Bay
16 Western Delta SFEI Honker Bay
17 Western Delta DWR Sacramento River @ Mallard Island
18 Northern Delta SFEI Sacramento River @ Collinsville
19 Central and Southern DeltaSFEI San Joaquin River @ Antioch
20 Central and Southern DeltaDWR San Joaquin River @ Jersey Point
21 Central and Southern DeltaDWR Little Connection SI. @ Empire Tract
22 Central and Southern DeltaDWR Middle R. nr Latham SI.
23 Central and Southern DeltaDWR Connection SI. @ Mandeville Is. Bridge
24 Central and Southern DeltaDWR Contra Costa PP #01
25 Central and Southern DeltaDWR Old R. N/O Rock SI. (St 4b)
26 Central and Southern DeltaDWR Rock SI. @ Old R.
27 Central and Southern DeltaDWR Middle R. @ Bacon Is. Br.
28 Central and Southern DeltaDWR Santa Fe-Bacon Is. Cut nr Old R.
29 Central and Southern DeltaDWR Woodward/N. Victoria Canal nr Old R.
30 Central and Southern DeltaDWR Middle R. @ Borden Hwy
31 Central and Southern DeltaDWR Old R. nr Byron (St 9)
32 Central and Southern DeltaDWR North Canal nr Old R.
33 Central and Southern DeltaDWR Middle R. @ Mowry Br.
34 Central and Southern DeltaDWR Clifton Court Intake
35 Central and Southern DeltaDWR West Canal @ Clifton Court FB Intake
36 Central and Southern DeltaDWR Old R. 6/10 mile below DMC intake
37 SWP DWR Delta PP Headworks
38 CVP DWR DMC Intake @ Lindemann Rd
39 Central and Southern DeltaDWR Grant Line/Fabian/Bell Canals nr Old R.
40 Central and Southern DeltaDWR Old R. U/S from DMC Intake
41 Central and Southern DeltaDWR Grant Line Can @ Tracy Rd Br.
42 Central and Southern DeltaDWR Old R. nr Tracy
43 Central and Southern DeltaDWR San Joaquin R. @ Mossdale Br.
44 Central and Southern DeltaDWR San Joaquin R. nr Vernalis
44 Central and Southern DeltaUSGS San Joaquin R. nr Vernalis
45 Northern Delta DWR Sacramento R. at Greenes Landing

C--003896
(3-003896



ALKALINITY
Station                                                                                                  Standard

Form               Unit               Area            Number                 Station Name                 Record Period Count     Min      Max     Mean D~viation
Start End

as CaCO3 mg/L Central and Southern l~lta 13 Little Potato SI. @ Terminous 1988 1994 45 42.00 82.00 59.27 9.28

as CaCO3 mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 26 48.00 85.00 65.38 6.94

as CaCO3 mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1989 1994 26 38.00 90.00 60.50 9.02

as CaCO3 mg/L Central and Southern Delta 22 Middle R. nr Latham SI. 1989 1992 12 55.00 76.00 62.83 6.56

as CaCO3 mg/L Central and Southern Delta 24 Contra Costa PP #01 1991 1996 84 38.00 119.00 67.58 12.01

as CaCO3 mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1988 1994 24 46.00 81.00 64.71 8.36

as CaCO3 mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1986 1994 41 46.00 89.00 66.20 7.68

as CaCO3 rag/L, Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1989 1994 61 39.00 87.00 67.11 8.22

as CaCO3 mg/L Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 1994 20 57.00 81.00 66.75 9.04

as CaCO3 mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 20 59.00 124.00 70.00 13.17

as CaCO3 mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1986 1996 114 32.00 83.00 64.11 7.37

as CaCO3 mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 59 32.00 83.00 58.73 7.73

as CaCO3 mg/L Central and Southern Delta 32 North Canal nr Old R. 1989 1994 19 58.00 84.00 68.32 9.78

as CaCO3 mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1989 1994 28 47.00 140.00 102.29 15.69

as CaCO3 tng/L Central and Southern Delta 34 Clifton Court Intake 1986 1994 66 39.00 107.00 71.12 9.41

as CaCO3 mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB lnlnke 1989 1994 23 49.00 101.00 68.74 8.78

as CaCO3 mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 16 60.00 105.00 77.00 10.68

as CaCO3 mg/L Central and Southern Delta 36 Old R. U/S from DMC Intake 1989 1994 21 59.00 104.00 79.57 12.29

as CaCO3 mg/L Central and Southern Delta 37 DMC Intake @ Lindemann Rd 1990 1996 105 33 130 73.69 15.42

as CaCO3 mg/L Central and Southern Delta 38 Delta PP Headworks 1990 1996 I07 8.2 96 66.70 9.94

as CaCO3 mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 19 60.00 118.00 86.68 12.36

as CaCO3 mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 26 46.00 154.00 114.73 16.33

as CaCO3 mg/L Central and Southern Delta 42 Old R. nr Tracy 1989 1994 30 47.00 173.00 124.20 13.35

as CaCO3 mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 64 31.00 150.00 91.95 16.92

as CaCO3 mg/L Central and Southern Delta 44 San Joaquin R. nr Veraalis - DWR 1986 1996 152 39.00 155.00 106.91 19.19

as CaCO3 mg/L North Bay 8 Barker SI. @ North Bay PP 1986 1994 1 l0 48.00 150.00 96.65 19.57

fixed endpoint, unfiltered, field,
as CaCO3 mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS 1973 1995 3 60.00 69.00 63.67 4.73

fixed endpoint, unfiltered, lab,
as CaCO3 mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS 1973 1995 111 28.00 94.00 53.91 11.1 I

as CaCO3 mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 37.00 79.00 57.74 9.23

as CaCO3 mg/L Northern,Delta 10 Georgiana SI. @ Walnut Grove Bridge 1989 1994 24 38.00 81 .IX) 59.00 7.93

as CaCO3 mg/L Northern Delta 11 Sacramento R. @ Rio Vista Bridge 1988 1994 83 43.00 250.00 67.04 16.84

as CaCO3 mg/L Nortbem Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 24 40.00 83.00 58.50 9.91

as CaCO3 mg/L Northern Delta 45 Sacramento R. at Greenes Landing 1986 1996 156 30.00 86.00 59.15 8.78

as CaCO3 mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1986 t996 136 37.00 105.00 65.38 8.14



ALKALINITY
Station                                                                                                  Standard

Form              Unit              Area            Number                Station Name                Record Period Count     Min     Max     Mean Deviation
Start End

as CaCO3 mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 1994 45 42.00 82.00 59.27 9.28

as CaCO3 mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 26 48.00 85.00 65.38 6.94

as CaCO3 mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1989 1994 26 38.00 90.00 60.50 9.02

as CaCO3 mg/L Central and Southern Delta 22 Middle R. nr Latham SI. 1989 1992 12 55.00 76.00 62.83 6.56

as CaCO3 mg/L Central and Southern Delta 24 Contra Costa PP #01 1991 1996 84 38.00 119.00 67.58 12.01

as CaCO3 mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1988 1994 24 46.00 81.00 64.71 8.36

as CaCO3 rag/l_. Central and Southera Delta 26 Rock SI. @ Old R. 1986 1994 41 46.00 89.00 66.20 7.68

as CaCO3 mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1989 1994 61 39.00 87.00 67.11 8.22

as CaCO3 mg/L Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 1994 20 57.00 81.00 66.75 9.04

as CaCO3 mg/L Central and Soutbem Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 20 59.00 124.00 70.00 13.17

as CaCO3 mg/L, Central and Southern Delta 30 Middle R. @ Borden Hwy 1986 1996 114 32.00 83.00 64. ! 1 7.37

as CaCO3 mg/L Central and Southern Delta 3 i Old R. nr Byron (St 9) 1989 1996 59 32.00 83.00 58.73 7.73

as CaCO3 mg/L Central and Southern Delta 32 North Canal nr Old R. 1989 1994 19 58.00 84.00 68.32 9.78

~ CaCO3 mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1989 1994 28 47.00 140.00 102.29 15.69

as CaCO3 mg/L Central and Soutbem Delta 34 Clifton Court Intake 1986 1994 66 39.00 !07.00 71.12 9.41

as CaCO3 mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 23 49.00 101.00 68.74 8.78

as CaCO3 mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 16 60.00 105.00 77.00 10.68

as CaCO3 mg/L Central and Southern Delta 36 Old R. U/S from DMC Intake 1989 1994 21 59.00 104.00 79.57 12.29
as CaCO3 mg/L Central and Southern Delta 37 DMC Intake @ Lindemann Rd 1990 1996 105 33 130 73.69 15.42

as CaCO3 mg/L Central and Southern Delta 38 Delta PP Headworks 1990 1996 107 8.2 96 66.70 9.94

as CaCO3 mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 19 60.00 118.00 86.68 12.36

as CaCO3 mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 26 46.00 154.00 114.73 16.33

as CaCO3 mg/L Central and Southern Delta 42 Old R. nr Tracy 1989 1994 30 47.00 173.00 124.20 13.35

as CaCO3 mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 64 31.00 150.00 91.95 16.92

as CaCO3 mg/L Central and Southern Delta 44 San Joaquin R. nr Vemalis - DWR 1986 1996 152 39.00 155.00 106.91 19.19

as CaCO3 mg/L North Bay 8 Barker SI. @ North Bay PP 1986 1994 ! 10 " 48.00 150.00 96.65 19.57

fixed endpoint, unfiltered, field,
as CaCO3 mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS 1973 1995 3 60.00 69.00 63.67 4.73

fixed endpoint, unfiltered, lab,
as CaCO3 mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS 1973 1995 I 1 i 28.00 94.00 53.91 ! I.! I

as CaCO3 ~ng/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 37.00 79.00 57.74 9.23

as CaCO3 mg/L Northera,Delta 10 Georgiana SI. @ Walnut Grove Bridge 1989 1994 24 38.00 81.00 59.00 7.93

as CaCO3 mg/L Northern Delta 11 Sacrmnento R. @ Rio Vista Bridge 1988 1994 83 43.00 250.00 67.04 16.84
as CaCO3 mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 24 40.00 83.00 58.50 9.91

as CaCO3 mg/L Northern Delta 45 Sacrmnento R. at Greenes Landing 1986 1996 156 30.00 86.00 59.15 8.78
as CaCO3 mg/L Western Delta 17 Sacrmnento R. @ Mallard Is. 1986 1996 136 37.00 105.00 65.38 8.14



~0

Oo,

A~ONIA
Station                                                                                                  Standard

Form        Unit                Area             Number               Station N-~me               Reoord Period {2ount     lViin      ~ax     Mean l~viation
Start End

uM {2entral and Southern Delta 19 San Joaquin R. @ Antioch 1994 1996 8 1.90 9.70 4.30 2.93

Total mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS1973 1995 72 0.01 0.49 0.09 0.09

uM Northern Delta 18 Sacramento R. @ Collinsville 1994 1996 8 2.17 13.70 5.35 4.03

Dissolved mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1991 1996 12 0.00 0.47 0.21 0.04

uM Western Delta 14 Pacheco {2reek (outside area map) 1994 1996 8 2.10 10.20 5.41 3.01

uM Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 0.90 9.49 4.49 3.41

uM Western Delta " 16 Honker Bay 1994 1996 6 1.60 9.50 4.12 3.37



BROMIDE
Station                                                                                             Standard

Form       Unit               Area            Number              Station Name              Record Period Count     Min      Max     Mean Deviation
Start End

Dissolved mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1990 1994 25 0.02 0.07 0.03 0.01

Dissolved mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 81 0.03 2.60 1.07 0.46

Dissolved mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1990 1994 23 0.02 0.13 0,06 0.02

Dissolved mg/L Central and Southern Delta 24 Contra Costa PP #01 1990 1996 87 0.03 0.77 0,28 0.14

Dissolved mg/L Central and Southern Delta" 25 Old R. N/O Rock SI. (St 4b) 1990 1994 66 0.03 0.91 0,46 0.19

Dissolved mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1990 1994 94 0.04 0.92 0.46 0.20

Dissolved mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br, 1990 1994 100 0.03 0.42 0.21 0.07

Dissolved mg/L Central and Southern Delta 28 Santa Fe-Baeon Is. Cut nr Old R. 1990 1994 61 0.06 0.77 0.38 0.16

Dissolved mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1990 1994 61 0.07 0.75 0.34 0.14

Dissolved mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1990 1996 94 0.03 0.51 0.18 0.07

Dissolved mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1990 1996 103 0.04 0.77 0.31 0.11

Dissolved mg/L Central and Southern Delta 32 North Canal nr Old R. 1990 1994 63 0.07 0.48 0.26 0.08

Dissolved mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1990 1994 24 0.06 0.69 0.39 0.10

Dissolved mg/L Central and Southern Delta 34 Clifton Court Intake 1990 1994 61 0 0.63 0.27 0.13

Dissolved mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1990 1994 68 0.05 0.62 0.34 0.11

Dissolved mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 58 0.08 0.60 0.37 0.11

Dissolved mg/L Central and Southern Delta 36 Old R. U/S from DMC Intake 1990 1994 59 0.08 0.60 0.38 0.11

Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1990 1996 149 0.05 0.65 0.29 0.10

Dissolved mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1990 1996 146 0.04 0.62 0.28 0. !0

Dissolved mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1990 1994 57 0.08 0.60 0.38 0.10

Dissolved mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1990 1994 21 0.052 0.70 0.39 0.13

Dissolved mg/L Central and Southern Delta 42 Old R. nr Tracy 1990 1994 24 0.08 0.78 0.47 0.10

Dissolved mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1990 1996 57 0.03 0.60 0.28 0.09

Dissolved mg,/L Central and Southern Delta 44 San Joaquin R. nr Vernalis - DWR 1990 1996 82 0.04 0.65 0.36 0.10

Dissolved mg/L North Bay 8 Barker SI. @ North Bay PP 1990 1996 108 0 0.23 0.05 0.02

Dissolved mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1990 1994 20 0 0.05 0.02 0.01

Dissolved mg/L Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1990 1994 21 0 0.05 0.02 0.01

Dissolved mg/L Northern Delta , I 1 Sacramento R. @ Rio Vista Bridge 1990 ¯ 1994 114 0 1.02 0.09 0.08

Dissolved mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 22 0 0.05 0.02 0.01

Dissolved mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1990 1996 123 0 0.52 0.02 0.02

Dissolved mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1990 1996 136 0.02 22.60 8,18 4.44



CADMIUM
Station                                                                                                       Standard

Form     Unit               Area             Number                  Station Name                  Record Period Count     Min      Max     Mean Deviation
Start End

Total ug/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 8 0.017 0.07 0.03 0.02
Total ug/L Northern Delta 6 Sacramento River @ Freeport Marina - CMP 1992 1996 51 <0.03 2.5
Total ug]L Northern Delta 6 Sacramento River @ Freeport Marina - USGS 1973 1995 97 3 160.00 16.82 24.71
Total ug/L Northern Delta 7 Sacramento River Mile 44 1992 1996 57 <0.03 0.78
Total ug/L Northern Delta 18 Sacramento River @ Collinsville 1994 1996 8 0.02 0.04 0.03 0.01
Total ug/L Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 0.024 0.40 0.09 0.13
Total ug/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 0.021 0.10 0.05 0.03
Total ug/L Western Delta 16 Honker Bay 1994 1996 6 0.023 0.40 0.10 0.15



CHLORIDE
Station                                                                                                 Standard

Form        Unit               Area             Number              Station Name              Record Period Count     Min       Max      Mean Deviation
Start End

Dissolved mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 1994 50 4 17.00 10.32 2.99

Dissolved mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 78 13 746.00 300.59 134.94

Dissolved mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1985 1994 86 4 60.00 16.59 6.72
Dissolved mg/L Central and Southern Delta 24 Contra Costa PP #01 1990 1996 87 I I 233.00 90.95 42.36

Dissolved mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1988 1994 67 10 257.00 130.60 53.74

Dissolved mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1983 1994 170 12 303.00 108.70 53.71

Dissolved mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1989 1994 100 11 133.00 62.54 20.78

Dissolved mg/L Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 1994 62 27 220.00 104.44 44.91

Dissolved mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 62 3 2 i 3.00 94.81 42.71

Dissolved mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1985 1996 179 12 139.00 56.36 20.76

Dissolved mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 108 6 211.00 89.49 40.63

Dissolved mg/L Central and Southern Delta 32 North Canal nr Old R. 1989 1994 64 3 155.00 75. ! 3 24.24

Dissolved mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1989 1994 28 27 240 126.54 32.67

Dissolved mg/L Central and Southern Delta 34 Clifton Court Intake 1983 1994 140 13 190 76.79 32.72

Dissolved mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 69 5 177.00 97.36 32.21

Dissolved mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 56 37 181.00 105.93 31.75

Dissolved mg/L Central and Southern Delta 36 Old R. U/S from DMC Intake 1989 1994 62 38 177.00 108.68 27.07

Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1983 1996 280 14 186.00 83.56 29.60

Dissolved mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1983 1996 275 15 198.00 83.81 29.13

Dissolved mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 58 36 180.00 110.67 30.78

Dissolved mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 26 26 226.00 139.81 32.55

Dissolved mg/L Central and Southern Delta 42 Old R. nr Tracy 1989 1994 30 27 255.00 161.07 31.95

Dissolved mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 64 11 197.00 93.22 29.37

Dissolved mg/L Central and Southern Delta 44 San Joaquin R. nr Vernalis - DWR 1983 1996 213 10 221.00 107.53 26.75

Dissolved mg/L North Bay 8 Barker SI. @ North Bay PP 1988 1996 116 5 74.00 25.78 9.05
Total mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS1973 1995 166 1.8 15 6.40 2.39

Dissolved mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 I 12.00 7.26 2. I I

Dissolved mg/L Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1989 1994 24 2 11.00 7.13 1.86
Dissolved mg/L Northern Delta , 11 Sacramento R. @ Rio Vista Bridge 1988 1994 132 3 277.00 23.70 18.35

Dissolved mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 24 4 14.00 7.75 2.16

Dissolved mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1996 209 I 19.00 7.13 1.87

Dissolved mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1985 1996 187 7 6060.00 2311.30 1286.70



CHLORPYRIFOS
Station Standard

Form Unit Area Number Station Name Record Period Count Min Max Mean Deviation
Start End

Total pg/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 5 0 35259.009191.80 14862.38
Total ug/L Northern Delta 6 Sacramento River @ Freeport Marina - CMP1992 1995 20 <0.5 <0.5 <0.5
Total ug/L Northern Delta 7 Sacramento River Mile 44 1992 1995 20 <0.5 <0.5 <0.5
Total pg/L Northern Delta 18 Sacramento River @ Collinsville 1994 1996 6 1400 46629.0010621.50 17798.18
Total pg/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 5 29 390.80 " 170.96    140.03
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CONDUCTIVITY
Station                                                                                                  Standard

Form     Unit                Area             Number               Station Name               Record Period Count     Min      Max     Mean Deviation
Start End

mho Central and Southern Delta 13 Little Potato SI. @ Terminous 1989 1992 9 180 492.00 346.22 73.69

mho Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 7 131 3610.00 830.86 1259.89

mho Central and Southern Delta 20 . San Joaquin R. @ Jersey Point 1990 1995 71 188 2790.00 1221.32 439.18

mho Central and Southern Delta 21 Little Connection SI. @ Empire Tract 1990 1996 1244 56 605.00 154.95 27.67

mho Central and Southern Delta 22 Middle R. nr Latham SI. 1985 1996 817 5 730.00 378.28 94.78

mho Central and Southern Delta 23 Connection SI. @ Mandeville Is. Bridge 1983 1994 137 137 887.00 468.81 134.11

mho Central and Southern Delta 24 Contra Costa PP no 1 i 990 1996 90 138 994.00 50 I. 16 166.53

mho Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1994 56 220 793 461.6964 118.11

mho Central and Southern Delta 26 Rock SI. @ Old R. 1989 1994 29 254 1435 987.5517 250.95

mho Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1985 1994 85 120 386.00 207.69 34.17

mho Central and Southern Delta 28 Santa Re-Bacon Is. Cut nr Old R. 1989 1996 104 160 912.00 484.22 151.08

mho Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 61 178 931.00 550.77 142.96

mho Central and Southern Delta 30 Middle R. @ Borden Hwy 1988 1994 49 120 249.00 176.49 31.21

mho Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1994 55 200 935.00 511.36 144.46

mho Central and Southern Delta 32 North Canal nr Old R. 1990 1994 23 108 230.00 163.13 30.27

mho Central and Southern Delta 33 Middle R. @ Mowry Br. 1985 1996 180 117 17800.00 6810.86 3785.39

mho Central and Southern Delta 34 Clifton Court Intake 1988 1996 208 109 609.00 323.23 81.50

mho Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1996 211 117 1460.00 770.33 175.14

mho Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1989 1994 94 144 692.00 404.17 108.82

mho Central and Southern Delta 37 Delta PP Headworks 1989 1994 21 104 227.00 154.10 26.15

mho Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1990 1996 272 126 1200.00 534.69 160.02

mho Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 51 253 1150.00 658.59 183.69

mho Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 55 344 975.00 635.33 152.75

mho Central and Southern Delta 41 Grant Line Can @ Traey Rd. Br. 1989 1994 25 248 1430.00 895.92 221.79

mho Central and Southern Delta 42 Old R. nr Tracy 1990 1994 49 340 988.00 607.00 156.35
mho Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 63 134 1470.00 638.16 223.43

mho Central and Southern Delta 44 San Joaquin R. nr Vernalis 1989 1994 60 149 1060.00 624.95 170.97

mho North Bay 8 Barker SI. @ North Bay PP 1983 1996 506 135 877.00 377.13 116.41

umho/cm Northern Delta 6 Sacramento River @ Freeport Marina - CMP1992 1995 49 54 254 134.9

umho/cm Northern Delta , 7 Sacramento River Mile 44 1992 1995 58 45 234.00 116.40

rnho Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1992 10 200 700.00 408.40 111.07

mho Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1989 1994 23 101 228.00 157.87 28.70

mho Northern Delta I 1 Sacramento R. @ Rio Vista Br. 1989 1994 55 200 938.00 547.20 136.67

mho Northern Delta 12 Mokelumne R. below Georgiana SI. 1989 1994 27 274 1180.00 773.67 172.67
mho Northern Delta 18 Sacramento River @ Collinsville 1994 1996 6 118 4900.00 I 114.50 1891.85

mho Northern Delta 18 Sacramento R. @ Mallard Is. 1989 1994 117 118 730.00 232.75 65.76

mho Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1994 161 149 1250.00 539.22 187.45

mho Western Delta 14 Pacheco Creek (outside area map) 1994 1996 7 121 17900.00 10096.86 7599.62

mho Western Delta 15 Grizzly Bay (outside map area) 1994 1996 7 125 16000.00 7167.57 5541.19

mho Western Delta 16 Honker Bay 1994 1996 6 130 11000.00 3552.50 4046.63



DIAZINON
Station                                                                                               Standard

Form     Unit               Area             Number              Station Name              Record Period Count     Min      Max     Mean Deviation
Start End

Total pg/L Central and Southern I~lta 19 San Joaquin River @ Antioch 1994 1996 5 20 640.00 239.40 238.50
ug/L, Northern Delta 6 Sacramento River @ Freeport Marina - CMP 19921996 20 <0.5 0.6 <0.5
ug/L Northern Delta 7 Sacramento River Mile 44 1992 1996 20 <0.5 0.70 <0.5

Total pg/L Northern Delta 18 Sacramento River @ Collinsville 1994 1996 5 21 1416.00 404.20 592.79
Total pg/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 6 1700 14786.00 5714.33 4999.48
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DISSOLVED OXYGEN
Station                                                                                         Standard

Form      Unit              Area            Number              Station Name             Record Period Count     Min     Max     Mean Deviation
Start End

mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1989 1992 6 7.2 10.70 8.45 0.91
mg/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 5 8 9.90 9.13 0.76
mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1995 67 6.3 11.90 8.71 1.09
mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tract 1990 1996 226 5.6 13.10 9.30 ! .39
mg/L Central and Southern Delta 22 Middle R. nr Latham SI. 1985 1996 170 4.6 12.10 8.58 i .36

mg/L Central and Southern Delta 23 Connection SI. @ Mandcvillc Is. Bridge 1983 1~)4 132 4.8 12.60 8.70 !.44

mg/L Central and Southern Delta 24 Contra Costa PP no I 1990 1996 87 6.38 13.2 8.74 1.37
mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1994 49 6 11.6 7.87 1.21
mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1989 1994 29 5.9 11.10 8.26 1.37
mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1985 1994 84 5. I I 1.30 8.62 1.13
mg/L Central and Southern Delta 28 Santa Re-Bacon Is. Cut nr Old R. 1989 1996 96 6.4 20.90 8.44 1.51

mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. t 989 1994 53 6.2 11.80 8.02 1.25

mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1988 1994 42 6.8 11.80 8.68 1.09
mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1994 48 6.3 11.60 7.98 1.12
mg/L Central and Southern Delta 32 North Canal nr Old R. 1990 1994 22 6.6 10.90 8.55 1.02
mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1985 1996 175 5 12.60 9.01 1.24
mg/L Central and Southern Delta 34 Clifton Court Intake 1988 1996 126 3.7 12.20 8.22 1.36
mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1996 221 !.9 88.70 8.99 1.99
mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1989 1994 89 4.5 11.30 8.19 1.29
mg/L Central and Southern Delta 37 Delta PP Headworks 1989 1994 21 6.5 10.40 8.32 0.97
mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1990 1996 263 4.6 12.40 8.63 1.36
mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 45 5.9 13.00 7.90 !.47
mg/L Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 48 5.4 12.00 7.90 1.27
mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd. Br. 1989 1994 25 5.7 10.90 8.34 1.46
mg/L Central and Southern Delta 42 Old R. nr Traey 1990 1994 44 6.3 11.60 7.88 !.33
mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 61 6.9 ! 1.50 8.86 1.05
mg/L Central and Southern Delta 44 San .loaquin R.nr Vernalis 1989 1994 54 6.7 12.10 8.41 1.19
mg/L North Bay 8 Barker SI. @ North Bay PP 1983 1996 265 4.7 12.60 8.87 1.36
mg/L Northern Delta 6 Sacramento River @ Freeport Marina - CMP1992 1996 42 7.9 ! !.87
mg/L Northern Delta 6 Sacramento River @ Freeport Marina - USG.1973 1995 284 7.2 13.50 9.66 1.14

7 Sacramento River Mile 44 1992 1996 51 7.59 11.80 9.64mg/L Northern Delta ,
mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1992 6 7.4 9.80 8.48 0.72
mg/L Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1989 1994 22 5.4 10.80 8.23 0.90
mg/L Northern Delta 1 ! Sacramento R. @ Rio Vista Br. 1989 1994 49 6 11.80 8.09 I.I 1
mg/L Northern Delta 12 Mokelumne R. below Georgmna SI. 1989 1994 27 6.3 12.90 8.92 !.10
mg/L Northern Delta 18 Sacramento River @ Collinsville 1994 1996 5 8 I0.00 9.18 0.92
mg/L Northern Delta 18 Sacramento R. @ Mallard Is. 1989 1994 I I I 6.3 12.40 8.82 1.33
mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1994 151 6.1 13.2 8.81 1.39
mg/L Western Delta 14 Pacheeo Creek (outside area map) 1994 1996 5 7.8 11.10 9.61 1.22
mg/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 5 8.6 10.50 9.68 0.79
mg/L Western Delta 16 Honker Bay 1994 1996 3 8. I ! 0.00 9.33 1.07



0

0

BIOLOGIC2AL INDICATORS

Station                                                                                               Standard
Form Unit Area Number Station Name Record Period Count Min Max Mean Deviation

Start End
Fecal Coliform, membrane
filter m-fc media Northern Delta 6 Sacramento River @ Freeport Marina - USG. 19731995 41 3 1200 117.66 205.53
Fecal Streptococci - kfagar colonies/10OmL Northern Delta 6 Sacramento River @ Freeport Marina - USG. 19731995 102 2 2000.00 165.54 329.21



HARDNESS
Station                                                                                               Standard

Form          Unit               Area             Number              Station Name              Record Period Count     Min      Max     Mean Deviation
Start End

as CaCO3 mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 1994 44 46 84.00 61.07 10.92
uM Central and Southern Delta 19 San Joaquin R. @ Antioch 1994 1996 6 64 530.00 176.33 179.02

as CaCO3 mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 78 64 477.00 168.00 48.59

as CaCO3 mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1990 1994 25 43 105.00 67.24 12.13
as CaCO3 mg/L Central and Southern Delta 24 Contra Costa PP #01 1990 1996 87 43 251.00 104.61 29.32

as CaCO3 mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1996 66 46 -. 169.00 109.92 18.81

as CaCO3 mg/L Centrai and Southern Delta 26 Rock Si. @ Old R. 1986 1994 90 46 169 109.4778 19.12

as CaCO3 mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1990 1994 99 46 140 97.66667 18.87
as CaCO3 mg/L Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1990 1994 60 70 163.00 104.63 17.99

as CaCO3 mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1990 1994 60 68 166.00 104.18 20.81

as CaCO3 mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1986 1996 112 42 141.00 91.99 18.31
as CaCO3 mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1994 105 42 166.00 97.30 19.08

as CaCO3 mg/L Central and Southern Delta 32 North Canal nr Old R. 1990 1994 63 68 142.00 102.03 20.75

as CaCO3 mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1990 1994 27 60 314.00 190.78 40.77
as CaCO3 mg/L Central and Southern Delta 34 Clifton Court Intake 1986 1994 66 48 194.00 109.70 22.41
as CaCO3 mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1990 1994 67 52 231.00 115.43 32.63

as CaCO3 mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1988 1994 55 72 232.00 128.00 37.73
as CaCO3 mg/L Central and Southern Delta 36 Old R. U/S from DMC Intake 1990 1994 59 72 262.00 136.78 46.53

as CaCO3 mg/L Central and Southern Delta 37 Delta PP Headworks 1986 1996 150 39 161.00 104.50 19.74

as CaCO3 mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1986 1996 144 39 255.00 124.78 38.54

as CaCO3 mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1990 1994 57 72 267.00 146.74 39.71
as CaCO3 mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 25 57 341.00 215.24 39.38
as CaCO3 mg/L Central and Southern Delta 42 Old R. nr Tracy 1990 1994 29 57 350.00 238.79 37.57

as CaCO3 mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. i 989 1996 61 36 316.00 152.93 42.74
as CaCO3 mg/L Central and Southern Delta 44 San Joaquin R. nr Vernalis - DWR 1986 1996 157 45 347.00 188.22 41.77

as CaCO3 mg/L North Bay 8 Barker SI. @ North Bay PP 1990 1996 97 32 166.00 99.71 24.30
mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - CMP 1992 1996 37 30 82 54.95

Total as CaCO3 mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS 1973 1995 165 27 86.00 56.47 10.98
mg/L Northern Delta 7 Sacramento R. Mile 44 1992 1996 42 31 86.00 57.50

as CaCO3 mg/L Northern Delta ’ 9 Delta Cross Channel nr Walnut Grove 1990 1994 22 36 81.00 57.09 10. ! 6

as CaCO3 mg/L Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1990 1994 23 36 81.130 57.17 9.02
as CaCO3 mg/L Northern Delta 11 Sacramento R. @ Rio Vista Bridge i 988 1994 129 39 247.00 70.00 15.35

as CaCO3 mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 24 39 81.00 56.50 10.95
uM Northern Delta 18 Sacramento g. @ Collinsville 1994 1996 6 56 420.00 146.00 142.14

as CaCO3 mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1986 1996 171 28 84.00 57.42 9.30
uM Western Delta 14 Pacheco Creek (outside area map) 1994 1996 3 48 990.00 370.00 537.07
uM Western Delta 15 Grizzly Bay (outside map area) 1994 1996 4 60 1100.00 552.50 570.46
uM Western Delta 16 Honker Bay 1994 1996 5 60 470.00 212.80 169.61

as CaCO3 mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1986 1996 178 36 2520.00 831.72 426.02



MERCURY
Station                                                                                               Standard

Form     Unit               Area             Number              Station Name              Record Period Count     Min      Max     Mean Deviation
Start End

Total ug/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 8 0.0044 0.01 0.01 0.00

Total ug/L Central and Southern Delta 37 Delta PP Headworks 1992 1996 8 0 0.00 0.00 0.00

Total ug/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1992 1996 9 0 0.00 0.00 0.00

Total ng/L Northern Delta 6 Sacramento River @ Freeport Marina - CMP 19921996 31 1.47 36.19
Total ug/L Northern Delta 6 Sacramento River @ Freeport Marina - USG.1973 1995 92 0 15.00 0.45 1.75

Total ng/L Northern Delta 7 Sacramento River Mile 44 !992 !996 34 3.66 73.41
Total ug/L Northern Delta 18 Sacramento River @ Collinsville 1994 t996 8 0.0045 0.01 0.01 0.00

Total ug/L Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 0.006 0.03 0.01 0.01

Total ug/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 0.0093 0.04 0.02 0.01
Total ug/L Western Delta 16 Honker Bay 1994 1996 6 0.0062 0.03 0.01 0.01



NITRATE
Station                                                                                          Standard

Form             Unit              Area            Number              Station Name              Record Period Count     Min     Max     Mean Deviation
Start End

Nitrogen, Dissolved mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1990 1992 13 1.30 5.10 2.84 0.94

uM Central and Southern Delta 19 San Joaquin R. @ Antioch 1990 1991 8 12.10 40.60 25.45 I 1.05

Nitrogen, Dissolved mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1990 1992 13 i .30 7.30 3.06 !.29

Nitrogen, Dissolved mg/L Central and Southern Delta 24 Contra Costa PP #01 199 i i 996 16 0.08 i 0.00 2.30 0.74

Nitrogen, Dissolved mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br, 1990 1992 22 1.20 8.30 3.63 1.64

Nitrogen, Dissolved mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1990 1992 27 1.40 7.20 3.56 1.49

Nitrogen, Dissolved mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1990 1996 15 0.25 4.10 1.80 0.55

Nitrogen, Dissolved mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1990 1992 i I 3.70 9.90 5,88 1.91

Nitrogen, Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1990 1996 38 0.23 7.90 3.11 1.10

Nitrogen, Dissolved mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1990 1996 37 0.57 9.60 3.80 1.41

Nitrogen, Dissolved mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1990 1992 12 1.90 17.00 9.04 3.75

Nitrogen, Dissolved mg/L Central and Southern Delta 42 Old R. nr Tracy 1990 1992 15 0.80 18.00 9.73 5.56

Nitrogen, Dissolved mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1990 1996 17 0.00 15.00 7.17 3.26

Nitrogen, Dissolved mg/L Central and Southern Delta 44 San Joaquin R. nr Vernalis - DWR 1990 1992 33 2.80 16.00 8.52 2.13

Nitrogen, Dissolved mg/L North Bay 8 Barker SI. @ North Bay PP 1990 1996 32 0.06 8.80 2.31 1.10

Total Nitrogen mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS1973 1995 167 0.15 38.00 0.84 2.91

Nitrate and Nitrite, Dissolved mg/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS1973 1995 116 0.04 0.47 0.15 0.08

Nitrogen, Dissolved mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1990 1992 11 1.00 4.90 2.47 1.04

Nitrogen, Dissolved mg]L Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1990 1992 12 1.00 5.30- 2.49 1.06

Nitrogen, Dissolved mg/L Northern Delta 11 Sacramento R. @ Rio Vista Bridge 1990 1992 26 1.10 5.60 2.97 0.94

Nitrogen, Dissolved mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. [990 1992 11 1.30 3.00 2.31 0.41
uM Northern Delta 18 Sacramento R. @ Collinsville 1994 i 996 8 8.70 35.41 21.94 9.65

Nitrogen, Dissolved mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1990 1992 32 0.50 7.70 3.00 1.43

uM Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 I 1.80 34.80 26.04 8.92

uM Western Delta 15 Grizzly Bay (outside map area) 1990 1991 8 10.90 34.40 25.33 8.43

uM Western Delta 16 Honker Bay 1994 1996 6 8.50 34.20 22.05 9.40

Nitrogen, Dissolved mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1990 1992 25 1.20 4.40 2.36 0.74



pH
Station                                                                                                     Standard

Form      Unit               Area             Number                 Station Nmne                 Record Period Count     Min       Max      Mean Deviation
Start End

Central and Southern Delta 13 Little Potato SI. @ Terminous 1989 1992 8 7.10 8.10 7.54 0.25
Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 8 7.50 8.00 7.71 0.16

Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1995 71 7.00 8.80 7.66 0.35

Central and Southern Delta 21 Little Connection SI. @ Empire Tract 1990 1996 235 6.10 118.00 7.91 2.65

Central and Southern Delta 22 Middle R. nr Latham SI. 1985 1996 174 6.50 8.70 7.49 0.31

Central and Southern Delta 23 Connection SI. @ Mandeville Is. Bridge 1983 1994 132 6.80 8.30 7.53 0.21

Central and Southern Delta 24 Contra Costa PP no 1 1990 1996 90 6.30 8.50 7.72 0.35

Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1994 53 7.00 8.20 7.59 0.23

Central and Southern Delta 26 Rock SI. @ Old R. 1989 1994 26 6.70 8.30 7.53 0.36

Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1985 1994 83 6.40 9.10 7.48 0.30

Central and Southern Delta 28 Santa Re-Bacon Is. Cut nr Old R. 1989 1996 100 6.40 8.50 7.5 ! 0.32

Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 58 7.00 8.30 7.62 0.22

Central and Southern Delta 30 Middle R. @ Borden Hwy 1988 1994 47 6.30 8.30 7.60 0.26

Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1994 52 7.00 8.20 7.61 0.26

Central and Southern Delta 32 North Canal nr Old R. 1990 1994 22 6.20 8.50 7.59 0.38 ��~

Central and Southern Delta 33 Middle R. @ Mowry Br. 1985 1996 183 6.30 9.50 7.62 0.29 ~’-
Central and Southern Delta 34 Clifton Court Intake 1988 1996 130 5.80 20.20 7.57 0.66

Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1996 226 6.20 9.50 7.57 0.31 O~

Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1989 1994 89 6.70 8.50 7.51 0.36 ��~
Central and Southern Delta 37 Delta PP Headworks 1989 1994 22 6.10 8.60 7.46 0.44

Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1990 1996 261 6.10 8.80 7.54 0.25 ~
Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 48 7.00 8.30 7.66 0.30

Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 51 7.00 8.40 7.67 0.27
Central and Southern Delta 41 Grant Line Can @ Tracy Rd. Br. 1989 1994 23 6.60 9.20 7.65 0.48 I

Central and Southern Delta 42 Old R. nr Traey 1990 1994 47 7.00 8.20 7.61 0.26 �~
Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 62 6.70 8.80 7.55 0.43

Central and Southern Delta 44 San Joaquin R. nr Vemalis 1989 1994 57 6.90 8.80 7.72 0.34
North Bay 8 Barker SI. @ North Bay PP 1983 1996 281 6.50 8.60 7.58 0.29

field Northern Delta 6 Sacratnento River @ Freeport Marina - USGS 1973 1995 338 6.50 8.20 7.60 0.30

lab Northern Delta 6 Sacramento River @ Freeport Marina - USGS 1973 1995 110 6.90 8.60 7.90 0.26

Northern Delta 6 Sacramento River @ Freeport Marina - CMP 1992 1996 49 5.60 8.79 7.53

Northern Delta 7 Sacramento River Mile 44 1992 1996 56 6.14 8.52 7.36

Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1992 9 7.20 8.20 7.62 0.23

Nortbem Delta 10 Georgiana SI. @ Walnut Grove Bridge 1989 1994 23 6.30 8.20 7.43 0.37

Northern Delta 11 Sacramento R. @ Rio Vista Br. 1989 1994 52 7.00 8.30 7.67 0.22

Northern Delta 12 Mokelumne R. below Georgiana SI. 1989 1994 25 7.00 8.80 7.73 0.35
Northern Delta 18 Sacralnento River @ Collinsville 1994 1996 8 7.50 8.00 7.75 0.16

Northern Delta 18 Sacratnento R. @ Mallard Is. 1989 1994 117 6.10 8.80 7.58 0.29

Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1994 156 6.70 8.80 7.58 0.27

Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 7.70 8.20 7.89 0.16

Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 7.70 8.00 7.85 0.12

Western Delta ! 6 Honker Bay 1994 1996 6 7.50 8.00 7.78 0.18



Oo,

PHOSPHATE
Station Standard

Form U~it Ar~ Num~r S~ion N~m~ R~ord P~ri~ ~ou~ ~in ~x ~ D~vi~ion

uM Central and Southern Delta 19 San Joaquin Riwr @ Anti~h 1994 1 ~6 8 1.8 3.02 2.33 0.43
Total Phosphors m~ No~ern Delta 6 Sacramento River @ Fme~ M~ina - USG. 19731995 192 0.01 0.54 0.10 0.07

uM No~hern Delta 18 Sacramento River @ Collinsville 1994 1~6 8 !.1 3.40 2.27 0.77
uM Western Delta 14 Pacheco C~ek (outside a~a map) 1994 1996 8 1.6 12.80 3.96 3.67
uM Western Delta 15 Gri~ly Bay (outside map a~a) 1994 1996 8 1.6 10.80 3.70 2.98
uM Western Delta 16 Honker Bay 1994 1996 6 1.4 7.20 3.02 2.17



0o,

SALINITY
Station Standard

Form Unit Area Number Station Name Record Period Count Min Max Mean Deviation
Start End

o/oo Central and Southern D~lta 19 San Joaquin River @ Antioch 1994 1996 8 BDL 3.00 0.97 1.50
o/oo Northern Delta 18 Sacramento River @ Collinsvilie 1994 1996 8 BDL 3.40 1.10 1.70
o/oo Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 BDL 12.6 6.33 4.’78
o/oo Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 BDL 8.00 4.42 2.70
o/oo Western Delta 16 Honker Bay 1994 1996 6 BDL 4.00 2.90 1.22



SELENIUM                                                                                                                                                Standard
Station

Form         Unit               Area           Number              Station Name                   Record Period        Count     Min      Max     Mean D~viation
Start         End

Total ug/L Central and Southern Delta 19 San Joaquin R. @ Antioch 1994 1996 8 0.06 0.33 0.18 0.10

Dissolved mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1985 1990 3 0.00 0.00 0.00 0.00

Dissolved mg/L Central and Southern Delta 24 Contra Costa PP #01 1993 1996 55 0.00 0.00 0.{30 0.00

Dissolved mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1989 1996 18 0.00 0.00 0.00 0.00

Dissolved mg/L Centr.--I and Southern Delta 30 Middle R. @ Borden Hwy 1985 1990 12 0.00 0.00 0.00 0.00

Dissolved mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 6 0.00 0.00 0.00 0.00

Dissolved mg/L Central and Southern Delta 34 Clifton Court Intake 1984 1992 33 0.00 0.00 0.00 0.00

Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1984 1996 221 0 0.003 0.00 0.00

Dissolved mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1984 1996 223 0 0.005 0.00 0.00

Dissolved mg/L Central and Southern Delta 42 Old R. nr Tracy 1989 1991 5 0.00 0.01 0.00 0.00

Dissolved mg/L Central and Southern Delta 43 San .loaquin R. @ Mossdale Br. 1989 1996 35 0.00 0.01 0.00 0.00

Dissolved mg/L Central and Southern Delta zA San .loaquin R. nr Vernalis - DWR 1984 1996 166 0.00 0.01 0.00 0.00

Dissolved mg/L North Bay 8 Barker SI. @ North Bay PP 1993 1996 54 0.00 0.00 0.00 0.00

Total ug/L Northern Delta 6 Sacramento R. @ Freeport Marina - CMP 1992 1996 26 <0.87 <1

Total ug/L Northern Delta 6 Sacramento R. @ Freeport Marina - USGS 1973 1995 95 0.00 290.00 28.07 35.99

Total ug/L Northern Delta 7 Sacramento R. Mile ~ 1992 1996 29 <i <!

Total ug/L Northern Delta 18 Sacramento R. @ Collinsville 1994 1996 7 0.11 0.30 0.20 0.07

Dissolved mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1984 1996 73 0.00 0.00 0.00 0.00

Total ug/L Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 0.09 0.32 0.20 0.08

Total ug/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 0.07 13.00 1.80 4.53

Total ug/L. Western Delta 16 Honker Bay 1994 1996 6 0.11 0.28 0.18 0.06

Dissolved mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1985 1995 15 0.00 0.00 0.00 0.00



SODIUM
Station                                                                                                  Standard

Form        Unit                Area             Number               Station Name               Record Period Count     Min      Max     Mean Deviation
Start End

Dissolved mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 1994 50 7 18.00 11.70 2.55

Dissolved mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 78 12 420.00 173.49 73.27

Dissolved mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1985 1994 86 7 38.00 15.02 3.94

Dissolved mg/L Central and Southern Delta 22 Middle R. nr L@ham SI. 1989 1992 12 25 56.00 39.17 12.33

Dissolved mg/L Central and Southern Delta 23 Connection S1. @ Mandeville Is. Bridge 1989 1992 12 26 88.00 48.17 15.61

Dissolved mg/L Central and Southern Delta 24 Contra Costa PP #01 1990 1996 87 11 141.00 59.26 24.37

Dissolved mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1988 1994 67 I0 151.00 79.33 28.98

Dissolved mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1983 1994 168 10 172.00 67.52 30.09

Dissolved mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1989 1994 100 11 80.00 43.49 12.99

Dissolved mg/L Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 1994 62 22 129.00 66.31 23.63

Dissolved mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 62 23 125.00 60.24 23.17

Dissolved mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1985 1996 179 I I 86.00 39.94 12.40

Dissolved mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 107 12 128 57.72 19.68 I~.
Dissolved mg/L Central and Southern Delta 32 North Canal nr Old R. 1989 1994 64 24 95 50.63 15.22

Dissolved mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1989 1994 28 24 144.00 90.46 18.17 ~’-

Dissolved mg/L Central and Southern Delta 34 Clifton Court Intake 1983 1994 140 12 113.00 52.55 19.27

Dissolved mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 69 15 105.00 63.84 19.54

Dissolved mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 56 27 120.00 69.68 21.59

Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1983 1996 277 10 116.00 55.99 17.31

Dissolved mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1983 1996 275 14 229.00 60.81 21.49

Dissolved mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 58 28 148.00 77.53 23.58 I
Dissolved mg/L Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 62 28 133.00 74.44 20.98

Dissolved mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 26 23 178.00 105.46 26.31

Dissolved mg/L Central and Southern Delta 42 Old R. nr Tracy 1989 1994 30 24 179.00 119.20 25.00

Dissolved mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 64 12 167.00 76.72 25.92

Dissolved mg/L Central and Southern Delta 44 San Joaquin R. nr Vemalis - DWR 1983 1996 209 11 200.00 91.56 23.51

Dissolved mg/L North Bay 8 Barker SI. @ North Bay PP 1988 1996 116 11 62.00 29.12 8.62
Dissolved mg/L Northern Delta , 6 Sacramento R. @ Freeport Marina - USGS1973 1995 166 2.9 18 9.54 2.99

Dissolved mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 5 15.00 10.26 2.34

Dissolved mg/L Northern Delta I0 Georgiana SI. @ Walnut Grove Bridge 1989 1994 24 5 15.00 10.25 1.83

Dissolved mg/L Northern Delta I I Sacramento R. @ Rio Vista Bridge 1988 1994 131 6 142.00 21.18 11.08
Dissolved mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 24 6 15.00 10.25 2.17
Dissolved mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1996 209 3 19.00 10.26 2.39
Dissolved mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1985 1996 187 8 3430.00 1275.20 703.72



SPECIFIC CONDUCTANCE
Station                                                                                               Standard

Form     Unit               Area             Number              Station Name              Record Period Count     Min      Max     Mean Deviation
Start End

umhos/cm Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 1994 50 120 249.00 177.42 32.94

umhos/cm Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 78 185 2790.00 1216.92 460.19

umhos/cm Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1985 1994 86 120 386.00 208.59 35.25

umhos/cm Central and Southern Delta 22 Middle R. nr Latham SI. 1989 1992 12 180 506.00 364.33 103.57

umhos/em Central and Southern Delta 23 Connection SI. @ Mandeville Is. Bridge 1989 1992 12 200 700.00 417.17 119.69

umhos/cm Central and Southern Delta 24 Contra Costa PP #01 1990 1996 87 146 988.00 516.47 170.65

umhos/cm Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1988 1994 67 148 1090.00 629.78 186.34

umhos/em Central and Southern Delta 26 Rock SI. @ Old R. 1983 1994 170 156 1250.00 551.61 190.81

umhoslcm Central and Southern Delta 27 Middle R. @ Bacon ~s. Br. 1989 1994 100 147 686.00 415.35 100.88

umhos/cm Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 1994 62 200 979.00 553.18 152.60

umhos/cm Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 62 200 958.00 519.02 152.25

umhos/cm Central and Southern Delta 30 Middle R. @ Borden Hwy 1985 1996 179 153 726 388.80 95.22

umhos/cm Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 106 165 947 495.25 127.37

umhos/em Central and Southern Delta 32 North Canal nr Old R. 1989 1994 64 220 770.00 461.28 114.63

umhos/em Central and Southern Delta 33 Middle R. @ Mowry Br. 1989 1994 28 261 1200.00 798.18 150.62

umhos/cm Central and Southern Delta 34 Clifton Court Intake 1983 1994 141 137 875.00 475.65 136.47

umhos/cm Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 69 179 915.00 554.70 148.74

umhos/cm Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 56 321 10(10.t30 610.20 168.56

umhos/cm Central and Southern Delta 37 Delta PP Headworks 1983 1996 271 163 877.00 500.20 123.69

umhos/cm Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1983 1996 269 169 1200.00 548.28 167.80

umhos/cm Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nrOld R. 1989 1994 58 318 1210.00 677.26 177.29

umhos/cm Central and Southern Delta 40 Old R. Ills from DMC Intake 1989 1994 62 329 1140.00 643.42 164.71

umhos/cm Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 26 244 1430.00 913.96 215.01

umhos/cm Central and Southern Delta 42 Old R. nrTracy 1989 1994 30 249 1520.00 1023.23 202.40

umhos/cm Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 65 143 1370.00 671.86 199.35

umhos/cm Central and Southern Delta 44 San Joaquin R. nr Vemalis - DWR 1983 1996 213 117 1550.00 784.93 178.90

umhos/cm North Bay 8 Barker SI. @ North Bay PP L988 1996 116 122 609.00 332.91 79.06

Field us/cm Northern Delta " 6 Sacramento R. @ Freeport Marina - USGS1973 1995 345 43 270 146.32 34.63

Lab us/em Northern Delta 6 Sacramento R. @ Freeport Marina - USGS1973 1995 108 79 253.00 ! 61.45 34.60

umhos/cm Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 105 225.00 160.43 29.58

umhos/cm Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge t989 1994 24 101 227.00 162.25 25.07

umhos/cm Northern Delta 11 Sacramento R. @ Rio Vista Bridge t988 1994 132 120 1170.00 245.01 79.58

umhos/cm Northern Delta 12 Mokelumne R. below Georgiana SI. t990 1994 24 109 226.00 163.46 30.61

umhos/cm Northern Delta 45 Sacramento R. @ Greenes Landing t983 1996 209 70 253.00 162.61 25.72

umhos/cm Western Delta 17 Sacramento R. @ Mallard Is. 1985 1996 187 120 18500.00 7385.23 3872.72



TEMPERATURE
Station                                                                                               Standard

Form      Unit              . Area             Number              Station Name              Record Period Count     Min      Max     Mean Deviation
Start End

° C Central and Southern Delta 13 Little Potato Sl. @ Terminous 1989 1992 9 7.1 23.80 17.91 4.02

° C Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 8 l 1.1 23.30 16.94 5.09

° C Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1995 72 6 23.10 17.48 4.94

° C Central and Southern Delta 21 Little Connection SI. @ Empire Tract 1990 1996 1247 1.5 28.90 14.77 5.37

° C Central and Southern Delta 22 Middle R. nr Latham SI. 1985 1996 820 3.4 26.60 16.35 5.45

° C Central and Southern Delta 23 Connection SI. @ Mandeville Is. Bridge 1983 1994 137 6.5 27.00 17.67 5.20

° C Central and Southern Delta 24 Contra Costa PP no ! 1990 1996 90 6.6 27 18.16 4.5 !

° C Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1994 55 5.4 26.3 19.88 5.21

° C Central and Southern Delta 26 Rock Sl. @ Old R. 1989 1994 29 6.7 25.90 18.41 6.71

° C Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1985 1994 86 6.9 23.10 17.27 5.36

° C Central and Southern Delta 28 Santa Re-Bacon Is. Cut nr Old R. 1989 1996 104 5.3 26.00 19.20 5.86

° C Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 61 5.4 31.90 19.60 6.16

° C Central and Southern Delta 30 Middle R. @ Borden Hwy 1988 1994 49 6.6 25.20 18.09 5.80

° C Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1994 55 5.5 25.70 19.90 4.02
o C Central and Southern Delta 32 North Canal nr Old R. 1990 1994 23 7.1 25.50 18.50 5.39

° C Central and Southern Delta 33 Middle R. @ Mowry Br. 1985 1996 181 7.4 25.50 17.39 4.42

* C Central and Southern Delta 34 Clifton Court Intake 1988 1996 209 6.3 28.20 18.17 4.7 i

° C Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1996 229 5.6 26.40 16.60 4.78

° C Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1989 1994 94 7.2 28.00 19.42 5.37

° C Central and Southern Delta 37 Delta PP Headworks 1989 1994 22 7.8 24.60 18.45 4.61

° C Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1990 1996 277 6.4 26.20 17.34 5.20

° C Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 51 5.4 26.30 19.95 5.27

° C Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 55 5.5 26.30 20.33 4.30

° C Central and Southern Delta 41 Grant Line Can @ Tracy Rd. Br. 1989 1994 25 7.5 27.10 18.77 6.69

* C Central and Southern Delta 42 Old R. nr Traey 1990 1994 49 5.4 26.10 -19.88 5.02

* C Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 63 6.5 26.30 17.64 5.08

* C Central and Southern Delta 44 San Joaquin R. nr Vernalis 1989 1994 60 5.1 24.90 18.78 5.22

* C North Bay 8 Barker SI. @ North Bay PP 1983 1996 510 4.7 30.50 17.92 5.1 !
* C Northern Delta 6 Sacramento River @ Freeport Marina - CMP1992 1996 45 6.2 23.1 14.49

* C Northern Delta 6 Sacramento River @ Freeport Marina - USG.1973 1995 940 6 25.00 15.11 4.99

*C Northern Delta , 7 Sacramento River Mile 44 1992 1996 53 7.16 22.40 14.43

* C Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1992 10 6.5 23.80 18.37 3.84

* C Northern Delta 10 Georgiana SI. @ Walnut Grove Bridge 1989 1994 23 7.7 24.90 17.67 5.17

* C Northern Delta 11 Sacramento R. @ Rio Vista Br. 1989 1994 55 5.3 25.50 19.60 4.10

*C Northern Delta 12 Mokelumne R. below Georgiana SI. 1989 1994 27 6.8 26.20 18.79 6. I 0

* C Northern Delta 18 Sacramento River @ Collinsville 1994 1996 8 I0.1 21.50 15.48 5.18
*C Northern Delta 18 Sacramento R. @ Mallard Is. 1989 1994 118 7.7 26.20 17.54 4.79
* C Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1994 160 5.1 26 17.98 5.42
*C Western Delta 14 Pacheeo Creek (outside area map) 1994 1996 8 11 21.30 16.00 4.13
* C Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 10.6 21.50 15.33 4.49
*C Westem Delta 16 Honker Bay 1994 1996 6 10.5 22.00 15.80 5.26



TOTAL ORGANIC CARBON
Station                                                                                                      Standard

Form      Unit           Area        Number                  Station Name                  Record Period Count     Min      Max     Mean Deviation
Start End

mg/L Northern Delta 6 Sacramento River @ Freeport Marina - CMP 1992 1996 41 <1 6.8

mg/L Northern Delta 6 Sacramento River @ Freeport Marina - USGS 1973 1995 91 1.2 7.90 2.77 1.18
mg/L Northern Delta 7 Sacramento River Mile 44 1992 1996 47 <3 6.10



CHLORDANE
Station Standard

Form Unit Area Number Station Name Record Period Count Min Max Mean Deviation
Start End

Total pg/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 6 69 254.00 150.83 65.03
Total pg/L Northern Delta 18 Sacramento River @ Collinsville 1994 1996 7 83 214.00 124.86 42.98
Total pg/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 6 59 241 170.1667 60.31



DDT                                                                                                                                                 Standard
Station

Form     Unit               Area             Number              Station Name              Record Period Count     Min      Max     Mean Deviation

Start End

Total pg/L Central and Southern Delta 19 San Joaquin River @ Anti~h 1994 1996 6 72 430.40 306.97 137.91

Total pg/L Northern Delta 18 Sacramento River @ Collinsville 1994 1996 7 52 728.00 404.19 224.37

Total pg/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 7 148 1754 693.26 585.16



TDS
Station                                                                                               Standard

Form       Unit               Area             Number              Station Name              Record Period Count     Min      Max     Mean Deviation
Start End

mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 1994 46 75 151.00 108.91 20.02

mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 26 114 1310.00 627.58 265.28

mg/L Central and Southern Delta 21 Little Connection SI. @ Empire Tr. 1989 1994 26 49 207.00 122.00 21.89

mg/L Central and Southern Delta 22 Middle R. nr L@ham SI. 1989 1992 12 120 282.00 203.83 56.91

mg/L Central and Southern Delta 23 Connection SI. @ Mandeville Is. Bridge 1989 1992 12 130 372.00 229.25 64.22

mg/L Central and Southern Delta 24 Contra Costa PP #01 1991 1996 85 86 529.00 283.35 107.23

mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1988 1994 24 84 495.00 305.58 97.38
mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1986 1994 42 86 544.00 302.26 85.13

mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1989 1994 .61 88 378.00 226.84 57.88

mg/L Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 1994 20 130 418.00 272.10 70.38

mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 20 130 404.00 263.75 67.98

mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1986 1996 114 92 399.00 219.78 52.52

mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 58 92 425.00 225.57 63.07

mg/L Central and Southern Delta 32 North Canal nr Old R. 1989 1994 19 140 358 240.42 54.48

mg/L Central and Southern Delta 33 Middle R. @ Mowry Br. 1989 1994 28 152 712 461.54 88.92
mg/L Central and Southern Delta 34 Clifton Court Intake 1986 1994 67 91 496.00 286.42 67.26

mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 23 104 492.00 288.87 68.23

mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 16 194 528.00 331.44 79.86

mg/L Central and Southern Delta 37 Delta PP Headworks 1986 1996 106 101 475.00 266.02 71.82

mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1986 1996 105 98 613.00 297.02 89.38

mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 19 180 663.00 380.11 98.85

mg/L Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 21 188 505.00 335.81 83.39

mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 26 142 886.00 538.12 131.77

mg/L Central and Southern Delta 42 Old R. nr Tracy 1989 1994 30 142 907.00 605.90 125.79

mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 64 90 852.00 401.56 123.40

mg/L Central and Southern Delta 44 San Joaquin R. nr Vemalis - DWR 1986 1996 153 114 897.00 483.44 113.16

mg/L North Bay 8 Barker SI. @ North Bay PP 1990 1996 97 84 297 192.41 47.46

mg/L Northem Delta ’ 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 68 139.00 98.48 19.17
mg/L Northern Delta I0 Georgiana SI. @ Walnut Grove Bridge 1989 1994 24 64 134.00 98.92 14.53

mg/L Northern Delta 11 Sacramento R. @ Rio Vista Bridge 1988 1994 83 55 427.00 137.82 37.86

mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 24 72 138.00 101.25 18.88
mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1986 1996 154 49 151.00 101.14 16.48
mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1986 1996 136 80 11000.00 4044.47 2391.85



PCB
Station Standard

Form Unit Area Number Station Name Record Period Count Min Max Mean Deviation
Stat~ End

Total pg/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 7 0 762.00 281.57 237.67
Total pg/L Nortbem Delta 18 Sacramento River @ Collinsville 1994 1996 7 160 850.00 400.00 254.65
Total pg/L Western Delta 15 Grizzly Bay (outside map area) 1994 1996 7 168 2435 784.7143785.4968



TOTAL SUSPENDED SOLIDS
Station Standard

Form Unit Area Number Station Name Record Period Count Min Max Mean Deviation
Start End

mg/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 8 13.8 42.50 26.90 9.65
mg/L Northern Delta 6 Sacramento River @ Freeport Marina - USGS 1973 1995 776 2 635 69.72 90.44
mg/L Northern Delta 6 Sacramento River @ Freeport Marina - CMP 1992 1996 52 <1.0 210.00
mg/L Northern Delta 7 Sacramento River Mile 44 1973 1995 58 <1 250.00
mg/L Northern Delta 18 Sacramento River @ Collinsville 1994 1996 8 10.2 45.50 29.23 12.30
mg]L Western Delta 14 Pacheco Creek (outside area map) 1994 1996 8 8 84.00 46.84 27.41
mgatL Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 25.6 141.70 78.56 47.38
mg/L Western Delta 16 Honker Bay 1994 1996 6 16.8 82.70 48.00 22.73



TURBIDITY
Station                                                                                                     Standard

Form     Unit               Area            Number                 Station Name                 Record Period Count     Min     Max     Mean Deviation
Start End

Hach. mg/L Central and Southern Delta 13 Little Potato SI. @ Terminous 1988 I994 50 3 48.00 8.68 4.76

Field mg/L Central and Southern Delta 13 Little Potato S1. @ Terminous 1989 1992 12 2 10.00 6.17 2.19

Hach. mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1994 79 3 76.00 11.99 8.10

Field mg/L Central and Southern Delta 20 San Joaquin R. @ Jersey Point 1990 1995 79 3 76.00 11.99 8.10

Hach. mg/L Central and Southern Delta 21 Little Connection Sl. @ Empire Tr. 1985 1994 86 3 38.00 6.95 3.81

Field mg/L Central and Southern Delta 21 Little Connection Si. @ Empire Tract 1990 1996 206 1 100 13.68 12.64

Hach. rag/L, Central and Southern Delta 22 Middle R. nr L@ham SI. 1989 1992 12 2 10 6.17 2.19

Field mg/L Central and Southern Delta 22 Middle R. nr Latham SI. 1985 1996 169 3 36.00 9.23 3.57

Hach. mg/L Central and Southern Delta 23 Connection SI. @ Mandeville Is. Bridge 1989 1992 12 2 10.00 6.33 2.07

Field mg/L Central and Southern Delta 23 Connection Sl. @ Mandeville Is. Bridge 1983 1994 139 2 28.00 11.14 4.75

Hach. mg/L Central and Southern Delta 24 Contra Costa PP #01 1990 1996 75 0 21.00 7.23 3.34

Field mg/L Central and Southern Delta 24 Contra Costa PP no I 1990 1996 81 2 21.00 7.82 3.56

Hach. mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1994 66 2 23.00 6.44 3.26

Field mg/L Central and Southern Delta 25 Old R. N/O Rock SI. (St 4b) 1989 1994 64 3 14.00 6.70 2.21

Hach. mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1983 1994 169 2 23.00 8.66 3.96

Field mg/L Central and Southern Delta 26 Rock SI. @ Old R. 1989 1994 27 6 60.00 17.93 7.64

Hach. mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1989 1994 I00 2 21.00 6.47 2.70

Field mg/L Central and Southern Delta 27 Middle R. @ Bacon Is. Br. 1985 1994 86 3 38.00 6.95 3.81

Hach. mg/L Central and Southern Delta 28 Santa Fe-Bacon Is. Cut nr Old R. 1989 1994 62 2 14.00 6.03 1.47

Field mg/L Central and Southern Delta 28 Santa Re-Bacon Is. Cut nr Old R. 1989 1996 94 2 76.00 9.73 6.15

Hach. mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 62 0 13.00 6.16 1.62

Field mg/L Central and Southern Delta 29 Woodward/N. Victoria Canal nr Old R. 1989 1994 69 3 25.00 9.97 4.30

Hach. mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1985 1996 170 3 36.00 9.12 3.56

Field mg/L Central and Southern Delta 30 Middle R. @ Borden Hwy 1988 1994 50 3 48.00 8.68 4.76

Hach. mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1996 94 2 28.00 8.56 3.81

Field mg/L Central and Southern Delta 31 Old R. nr Byron (St 9) 1989 1994 61 2 13.00 6.26 1.57

Hach. mg/L Central and Southern Delta 32 North Canal nr Old R. 1989 1994 64 3 14 6.70 2.21

Field mg/L Central and Southern Delta 32 North Canal nr Old R. 1990 1994 24 3 44 8.96 5.36

Hach. mg/L Central and Southern Delta, 33 Middle R. @ Mowry Be. 1989 1994 27 4 44 18.74 9.13

Field mg/L Central and Southern Delta 33 Middle R. @ Mowry Be. 1985 1996 180 4 84 20.59 10.29

Hach. mg/L Central and Southern Delta 34 Clifton Court Intake 1983 1994 139 2 28 I I. 14 4.75

Field mg/L Central and Southern Delta 34 Clifton Court Intake 1988 1996 123 9 180 30.75 19.61

Hath. mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1994 69 3 25 9.97 4.30

Field mg/L Central and Southern Delta 35 West Canal @ Clifton Court FB Intake 1989 1996 161 3 160 22.66 14.55

Hath. mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1990 1994 56 3 30 10.54 4.70

Field mg/L Central and Southern Delta 36 Old R. 6/10 mile below DMC intake 1989 1994 100 2 21 6.47 2.70

Hath. mg/L Central and Southern Delta 37 Delta PP Headworks 1983 1996 225 2 37 10.16 6.21

Field mg/L Central and Southern Delta 37 Delta PP Headworks 1989 1994 23 3 26 7.09 4.24

Hath. mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1983 1996 2 i 7 3 76 14.02 6.62



Field mg/L Central and Southern Delta 38 DMC Intake @ Lindemann Rd 1990 1996 224 3 305 16.27 11.72
Hach. mg/L Central and Southern Delta 39 Grant Line/Fabian/Bell Canals nr Old R. 1989 1994 58 3 31 11.59 5.78
Field mg/L Central and Southern Delta 39 Grant Line.JFabian/Bell Canals nr Old R. 1989 1994 58 3 31 11.59 5.78

Hach. mg/L Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 62 4 34 11.00 4.26

Field mg/L Central and Southern Delta 40 Old R. U/S from DMC Intake 1989 1994 62 4 34 11.00 4.26

Hach. mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd Br. 1989 1994 24 8 52 17.29 8.00
Field mg/L Central and Southern Delta 41 Grant Line Can @ Tracy Rd. Br. 1989 1994 24 8 52 17.29 8.00
Hach. mg/L Central and Southern Delta 42 Old R. nr Tracy 1989 1994 27 6 60 17.93 7.64
Field mg/L Central and Southern Delta 42 Old R. nr Tracy 1990 1994 56 3 30 10.54 4.70
Hach. mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 54 4 200 22.17 16.37
Field mg/L Central and Southern Delta 43 San Joaquin R. @ Mossdale Br. 1989 1996 56 4 248 27.59 22.96

Hach. mg/L Central and Southern Delta 44 San Joaquin R. nr Vernalis - DWR 1983 1996 160 3 160 21.71 14.14
Field mg/L Central and Southern Delta 44 San Joaquin R. nr Vernalis 1989 1994 66 2 23 6.44 3.26
Hath. mg/L North Bay 8 Barker SI. @ North Bay PP 1988 1996 105 9 180.00 27.28 22.10
Field mg/L North Bay 8 Barker SI. @ North Bay PP 1983 1996 232 2 37.00 10.27 6.35

jtu Northern Delta 6 Sacramento R. @ Freeport Marina - USGS 1973 1995 22 1 70 17.18 15.22
ntu Northern Delta 6 Sacramento R. @ Freeport Marina - USGS 1973 1995 597 1 280.00 21.06 27.77

Hath. mg]l_, Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1994 23 3 26.00 7.09 4.24
Field mg/L Northern Delta 9 Delta Cross Channel nr Walnut Grove 1989 1992 12 2 10.00 6.33 2.07
Hath. mg/L Northern Delta I 0 Georgiana Si. @ Walnut Grove Bridge 1989 1994 24 3 30.00 7.25 4.29

Field mg/L Northern Delta I0 Georgiana SI. @ Walnut Grove Bridge 1989 1994 24 3 30.00 7.25 4.29
Hath. mg/L Northern Delta 11 Sacramento R. @ Rio Vista Bridge 1988 1994 131 0 116.00 14.35 10.94
Field mg/L Northern Delta 11 Sacramento R. @ Rio Vista Br. 1989 1994 62 2 14.00 6.03 1.47
Hath. mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1990 1994 24 3 44.00 8.96 5.36
Field mg/L Northern Delta 12 Mokelumne R. below Georgiana SI. 1989 1994 27 4 44.00 18.74 9.13
Field mg/L Northern Delta 18 Sacramento R. @ Mallard Is. 1989 1994 126 4 116.00 14.51 12.03
Hath. mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1996 191 I 109 12.04 11.87
Field mg/L Northern Delta 45 Sacramento R. @ Greenes Landing 1983 1994 169 2 23.00 8.66 3.96
Hath. mg/L Western Delta 17 Sacramento R. @ Mallard Is. 1985 1996 172 4 84.00 19.69 9.92



ZINC
Station                                                                                                      Standard

Form       Unit               Area             Number                  Station Name                  Record Period Count     Min      Max     Mean Deviation
Start End

Dissolved ug/L Central and Southern Delta 19 San Joaquin River @ Antioch 1994 1996 8 2.4 9.39 4.87 2.38

Dissolved mg/L Central and Southern Delta 37 Delta PP Headworks 1987 1996 8 0 4.33 0.55 1.08

Dissolved mg/L Central and Southern Delta 44 San Joaquin R. nr Vernalis - DWR 1986 1989 41 0 0.12 0.01 0.02

Dissolved ug/L Northern Delta 6 Sacramento River @ Freeport Marina - CMP 1992 1996 52 <1.5 27

Dissolved ug/L Northern Delta 6 Sacramento River @ Freeport Marina - USGS 1973 1995 111 0 92.00 10.41 12.29

Dissolved ug/L Northern Delta 7 Sacramento River Mile 44 1992 1996 59 <4 18.00
Dissolved ug/L Northern Delta 18 Sacramento River @ Collinsville 1994 !996 8 2.75 ! !.49 6.41 3.05

Dissolved ug/L Western Delta 14 Paeheco Creek (outside area map) 1994 1996 8 3.45 16.89 7.89 4.27

Dissolved ug/l., Western Delta 15 Grizzly Bay (outside map area) 1994 1996 8 5.15 23.00 12.34 6.46

Dissolved ug/L Western Delta 16 Honker Bay 1994 1996 6 4. ! 5 16.09 8.13 4.16



Program Name and year(s) of Cadmium Cadmium Cadnium ’ Cadmium Cadmium
study (STLC) (DIWET) (WET)

mg/kg - wet mg/kg - dry mg/kg     mg/L     mg/L
Interim North Delta Program -
1992
ND01 ND
ND02 ND

¯    ND03A                   ND
ND03B ND
ND04 ND
ND05 ND
ND06 ND
ND07 ND
ND08 ND
ND09A ND

NDllA ND’
NDllB ND
ND12 ND
ND13A ND
ND13B ND

~.terim North Delta Program -
1994
Count 19 29 29 29
Min ND ND ND ND
Max 0.70 1.11 ND 0.02
Average 0.44 0.61 [ n/a 0.01
Standard Deviation 0.21 0.36 ! n/a 0.01

Interim South Delta Program -
1992
[SD01 ND
iSD02 ND
SD03 WD
SD04 ND
SD05 ND!
SD06A ND
SD06B ND
SD07 ND

" SD08A ND
SD08B ND

C--003929
(3-003929



Program Name and year(s) of Cadmium Cadmium [ Cadnium I CadmiumCadmium
study ~ (STLC) (DIWET) (WET)

mg/kg - wet mg/kg- dry ’~ mg/kg mg/L mg/L
SD09A ND
SD09B ND
SD10A ND
SD10B ND
SDll ND
SD12 ND
SDI3 ND

Interim South Delta Program -
1994
Count 18 i 12
Min ND ND
Max ND ND
Average N/A N/A
Standard Deviation N/A} ] N/A

Interim South Delta Program -
1996, dry
Count 33 33 33
Min 0.00 0.0( 0.00
Max 0.00 0.0!3 0.01
Average 0.00 0.013 0.00
Standard Deviation 0.00 0.00! 0.00

Interim South Delta Program -
1996, wet
Count 33 33 33
Min 0.00 0.00 0.00
Max 0.00 0.00 0.01
Average 0.00 0.00 0.00
Standard Deviation 0.00 0.00 0.0(l

San Francisco Estuary Institue,
1993-1995
Pacheco Creek
Count 6
Min 0.07
Max 0.16
Average 0.11

2

(3"003930
(3-003930



iProgram Name and year(s) of Cadmium Cadmium Cadnium Cadmium Cadmium
study i I (STLC) (DIWET) (WET)

mg/kg- wet mg/kg- dry [ mg/kg mg/L mg/L
Standard Deviation 0.03
Grizzly Bay
Count 6
Min 0.25
Max 0.32
Average 0.28
Standard Deviation 0.03
Honker Bay
Count 41
Min 0.26
Max 0.41
Average 0.33
Standard Deviation 0.07
Sacramento River @ ColIinsville
Count 6
Min 0.13
Max 0.32
Average 0.23
Standard Deviation 0.07
San Joaquin River @ Antioch [
Count 6
Min 0.15
Max 0.22
Average 0.19
Standard Deviation 0.03
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Program Name and year(s) of Copper Copper Copper Copper Copper~
study (STLC) (DIWET (WET)

mg/kg-wet mg/kg-dry mg/kg ! m~ mg/L
Interim North Delta Program -
!1992
ND01 41.00
ND02 14.00
ND03A 31.00
ND03B 28.00
ND04 6.00 [
ND05 15.00
ND06 5.00
ND07 28.00
ND08 13.00
ND09A 11.00
ND10 35.00
NDllA 41.00
ND11B 50.00
ND12 49.00
ND13A 18.00
ND13B 6.60

Interim North Delta Program -
1994
Count 19 29 29 29
Min 23.00 0.00 ND ND
Max 57.00 86.00 0.02 0.70
!Average 39.00 58.87 0.01 0.361
Standard Deviation 9.98 21.61 0.01 0.25

Interim South Delta Program -
1992
SD01 1.00
SD02 28.00
SD03 9.00
SD04 21.00
SD05 4.00
SD06A 19.00
SD06B 20.00
SD07 19.00
SD08A 23.00
SD08B 6.00
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i Program Name and year(s) of Copper Copper Copper Copper Copper
study (STLC) (DIWET (WET)

mg/kg- wet mg/kg - dry mg/kg mg/L mg/L
SD09A 16.00
SD09B 19.00 [
SD10A 6.00
SD10B 15.00
SD 11 26.00
SD12 19.00
SD13 15.00

Interim South Delta Program -
1994
Count 18 12
Min 3.00 ND
Max 33.00 ND
Average 11.33 N/A
Standard Deviation 8.94! N/A

Interim South Delta Program -
1996, dry
Count 33 33 33
Min 5.75 0.00 0.013
Max 52.44 0.09 0.42
Average 26.37 0.01 0.15
Standard Deviation 14.27 0.02 0.13

Interim South Delta Program -
1996, wet
Count 33 33 33
Min 5.00 0.00 0.00
Max 43.00 0.06 0.39
Average 21.32 0.00 0.12
Standard Deviation 11.61 0.01 0.12

San Francisco Estuary Institue,
1993-1995
Pacheco Creek
Count
Min 14.10
Max 20.30
Average 16.35

2
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Program Name and year(s) of Copper [ Copper Copper t Copper Copper
study [ (STLC)i (DIWET (WET)

mg/kg- wet [ mg/kg, dry mg/kg ’ m~L mg/L
Standard Deviation 2.641
Grizzly Bay i [
Count 6!
Min 39.80i
Max 67.10[
Average 57.45
Standard Deviation 9.86!
Honker Bay
Count 4
Min 45.30 [
Max 71.90 I

Average 62.20
Standard Deviation 11.78
Sacramento River @ ColIinsville
Count 6
Min 20.70
Max 42.30
Average 26.86
Standard Deviation 8.02
San Joaquin River @ Antioch
Count 6
Min 24.43
Max 39.70
Average 32.42
Standard Deviation 5.45

3
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Program Name and year(s) of Mercury Mercury Mercury Mercury Mercury
’study (STLC) (DIWET) (WET)

mg/kg - wet mg/kg - dry mg/kg mg/L mg/L
Interim North Delta Program -[
1992
ND01 I 0.17
~02 I 0.09
~03A I 0.14
ND03B I 0.18
ND04 ND
ND05 0.06
ND06 0.06
ND07 0.09
~08 I 0.02
~09A ! 0.08
ND10 0.10
NDllA 0.13
NDllB 0.18
ND12 0.04
ND13A ND
ND13B ND

Interim North Delta Program -
1994
Count 18 29 29 29
Min ND ND ND ND
Max 0.48 0.74 0.00 ND
Average 0.20 0.31 n/a n/aI

Standard Deviation 0.09 0.16 n/a n/a

Interim South Delta Program -
1992
SD01 ND
SD02 0.04
SD03 0.04
SD04 0.16
SD05 ND
SD06A 0.12
SD06B ’ 0.14
SD07 0.12
SD08A 0.10
SD08B 0.04
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Program Name and year(s) of Mercury Mercury i Mercury Mercury~ Mercury
study i (STLC) (DIWET) (WET)

mg/kg - wet mg/kg - dry i mg/kg mg/L ! mg/L
|

SD09A 0.14 [ I
sDogB 0.04
SD10A 0.04
SD10B ! 0.05
SDll 0.02
SD12 , 0.03
SD13 0.07[

Interim South Delta Program -
1994 I

Count 18
Min ND !    0.01 [
Max ND
Average N/A
Standard Deviation N/A l 0.00

Interim South Delta Program -
1996, dry
Count 33 [ 33 33
Min 0.00 i 0.00 0.00
Max 0.12 [ 0.00 0.00
Average 0.00 I 0.00 0.00
Standard Deviation 0.02 0,00 0.00

Interim South Delta Program -
1996, wet
Count 33 33 33
lMin 0.00 0.00 0.0(]
Max 0.10 0.0C 0.0(
Average 0.00 0.00 0.0~
Standard Deviation 0.02 0.00 0.0C

San Francisco Estuary Institue,
1993-1995
Pacheco Creek
Count 6
Min 0.03
Max 0.13
Average 0.07

2
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Program Name and year(s) of I Mercury Mercury Mercury Mercury Mercury
study I (STLC) (1)IWET) (WET)

! mg/kg- wet [ mg/kg - dry mg/kg mg/L mg/L
Standard Deviation [ 0.04
Grizzly Bay i

Count I 6f

Min I 0.24,
Max 0.42
Average 0.341
Standard Deviation I 0.06!
Honker Bay
Count [ 4
Min ! 0.30
Max i 0.45
Average ! 0.35’
Standard Deviation [ 0.07
Sacramento River @ Collinsville ]
Count 6
Min 0.06
Max 0.15
Average 0.10
Standard Deviation 0.04
San Joaquin River @ Antioch
Count 6
Min 0.09
Max 0.42
Average 0.26
Standard Deviation 0.12
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Program Name and year(s) of Selenium Selenium Selenium Selenium[ Selenium
study (STLC) (DIWET)[ (WET)

mg/kg- wet mg/kg- dry mg/kg mg/L mg/L
Interim North Delta Program -
1992
ND01 ND
ND02 ND
ND03A ND
ND03B ND

ND05 ND
ND06 ND
ND07 ND
ND08 ND
ND09A ND
ND10 ND
NDllA ND
NDllB ND
ND12 ND
ND13A ND
ND13B ND

Interim North Ddta Program - I
1994
~Count 19 25 29 29
Min ND ND ND ND
Max 0.00 1.52i 0.02 ND
Average rga n/a 0.02 n/a
Standard Deviation n/a n/a 0.00 n/a

Interim South Delta Program -
1992
SD01 ND
SD02 ND
SD03 ND
SD04 ND
SD05 ND
SD06A ND
SD06B ND
SD07 ND
SD08A ND
SD08B ND
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Program Name and year(s) of Selenium Selenium Selenium Selenium i Selenium
study (STLC) (DIWET)[ (WET)

i mg/kg- wet mg/kg- dry mg/kg mg/L mg/L
SD09A ND
SD09B i ND
SD10A ! ND
SD10B i ND
SDll ND
SD12 ND
SD13 ND

Interim South Delta Program -
1994
Count 18 12
Min ND ND
Max ND ND
Average N/A N/A
Standard Deviation N/A N/A

Interim South Delta Program -
1996, dry
Count 33 33 33
Min 0.00 0.00 0.00
Max 2.00 0.00 0.00
Average 0.44 0.00 0.00
Standard Deviation 0.52 0.00 0.00

Interim South Delta Program -
1996, wet
Count 33 33 33
Min 0.00 0.00 0.00
Max 1.613 0.00 0.013
Average 0.35 0.00 0.013
Standard Deviation 0.42 0.00 0.013

San Francisco Estuary lnstitue,
1993-1995
Pacheco Creek
Count 6
Min 0.07
Max 0.46
Average 0.22
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Program Name and year(s) of Selenium Selenium i Selenium Selenium I Selenium
study

[ (STLC) , (DIWET) (WET)
mg/kg- wetl mg/kg- dry[ mg/kg    mg/L mg/L

Standard Deviation 0.18[
Grizzly Bay
Count 6
Min 0.21 i
Max 3.30

iAverage 0.95
~Standard Deviation 1.17
Honker Bay
Count 4
Min 0.33
Max 1.01
Average 0.58
Standard Deviation 0.30
Sacramento River @ CollinsviIle
Count 6
Min 0.13
Max 0.61
Average 0.25
Standard Deviation 0.19
San Joaquin River @ Antioch
Count 6
Min 0.17
Max 0.58
Average 0.39
Standard Deviation 0.18
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Program Name and year(s) of ~i Zinc Zinc Zinc Zinc    Zinc
study [ ! (STLC) (DIWET) (WET)

[mg/kg - wet mg/kg - dryl mg/kgmg/L mg/L
Interim North Delta Program -i
~1992 i
ND01 91.00
ND02 ! 130.00
IND03A i 68.00
IND03B ! 45.00
ND04 ~ 6.00
 n05 i 30.00

, 19.00ND06
ND07 ~ 82.00
ND08 60.00
ND09A ! 42.00
ND10 ! 84.00
ND11A [ 110.00
ND 11B [ 120.00
ND12 [ 89.00
ND13A 86.00
ND13B 51.00

Interim North Delta Program -
1994
Count I 15 25 29 29
Min i 2.50 ND ND 0.22
Max 89.00 160.00 0.26 16.00
Average 55.90 94.29 0.11 2.17
Standard Deviation 27.17 46.38 0.13 2.78

Interim South Delta Program -
!1992
SD01 7.00
SD02 59.00
SD03 23.00
ISD04 41.00
SD05 12.00
SD06A 40.00
SD06B 35.00
SD07 37.00
SD08A [ 51.00
SD08B 16.00
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Zinc    Zinc    ZincstudyPr°gram Name and year(s) of                     ~    Zinc
Zinc (STLC) (DIWET) (WET)

mg/kg - wet mg/kg - dry mg/kg mg/L mg/L
SD09A 37.00
SD0PB 38.00
SD10A 19.00
SD10B 36.00
SDll 51.00
SD12 42.00
SD13 33.00

Interim South Delta Program -
1994
Count 18 12
Min 10.00 0.10
Max 62.00 0.30
Average 31.78 0.17
Standard Deviation 13.93 0.09

Interim South Delta Program -
1996, dry
Count 33 33 33
Min 22.62 0.00 0.08
Max 98.78 0.42 2.66
Average 56.14 0.04 0.94
Standard Deviation 21.97 0.08 0.67!

Interim South Delta Program -
1996, wet
Count 33 33 331
Min 19.00 0.00 0.07,
Max 81.00 0~35 2.10
Average 45.15 0.03 0.76
Standard Deviation 17.21 0.06 0.55

San Francisco Estuary Institue,
1993-1995
Pacheco Creek
Count 6
Min 54.38
Max 72.00
Average 63.88
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Zinc    Zinc    Zinc
studyPr°gram Name and year(s) of

Zinc Zinc (STLC).
(DIWET)

mg/kg - wet mg/kg - dry mg/kg mg/L mg/L
Standard Deviation 5.76
Grizzly Bay
Count 6
Min 94.00
Max 151.50
Average 128.15
Standard Deviation 19.49
Honker Bay
Count 4
Min 116.00
Max 165.00
Average 136.25
Standard Deviation 20.61
Sacramento River @ Collinsville
Count 6
Min 72.62
Max 114.00!
iAverage 85.I9!
~ Standard Deviation 15.00
San Joaquin River @ Antioch
Count 6
Min 61.00
Max 78.60
Average 69.36
Standard Deviation 6.90
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Program Name and year(s) of i Chlordane ’TotallToxaphene Total pH i TOC
study

’ug/kg lug/kgi ug/kg ug/kgi i mg/kg
~Interim North Delta Program
1992 [
ND01 ND ND ND 6.80
ND02 I ND ND ND 7.00[
ND03A [ ND! NDI ND 6.90
ND03B ND ND ND 7.10!
ND04 ND NDI ND 6.40]
ND05 ND NDI ND 6.00:
~06 ~ ~I ND 5.901
ND07 ND ND ND 6.50
ND08 ND ND ND 6.80i
~o9A ~ ~1 ~ 7.oo!,
ND10 ND ND ND 7.40
NDllA ND NDI ND] 6.90
ND11B ND ND ND 7.80
~rD12 ~ NDI ~! 7.80
ND13A ND NDI ND 6.30
ND13B ND ND ND 6.60

Interim North Delta Program -
1994
Count 29 28     29
Min ND 6.50 2727.27
Max ND 8.20 22388.06
Average n/a 7.06 11012.79
Standard Deviation n/a 0.50 4358.51

Interim South Delta Program -
1992
SD01 ND ND ND 7.50
SD02 ND NDI ND 8.70
iSD03 ND ND ND 8.00
SD04 , ND ND ND 6.40~
SD05 ND ND! ND 7.801

¯ SD06A ND ND ND 7.00
SD06B ND ND[ ND 6.80
SD07 ND ND ND 6.50

" SD08A ND! ND ND 6.20!
SD08B ND ND ND 6.60
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Program Nameandyear(s)of Chlordane Total Toxaphene Total pH TOC
study DDT PCBs

ug/kg [ ug/kg ug/kg ug/kg mg/kg
SD09A ND! ND ND [6.10
SD09B ND ND ND 6.80
SD10A ND NDI ND 7.30
SD10B ND ND ND 7.00
SD11 ND ND ND 7.30
SD12 ND ND ND 7.00
SD13 ND ND ND 6.70

Interim South Delta Program -
1994
Count 18 36 12! 126 6
Min ND ND ND ND 7.10
Max ND ND ND! ND 8.30
Average N/A N/A N/A N/A 7.82
Standard Deviation N/A N/A N/A N/A 0.43

Interim South Delta Program -
1996, dry
Count 33 33 33 33      33
Min 0.00 0.00 0.00 8.00 471.26
Max 0.00 0.00 0.00 11.01 62857.14
Average 0.0t3 0.00 0.00 9.47 6691.213
Standard Deviation 0.00 0.00 0.00 0.87 12340.52

Interim South Delta Program -
1996~ wet
Count 33 33 33 331     33
Min 0.00 0.00 0.00 6.80 410.0C
Max 0.00 0.0t3 0.00 8.90! 44000.013
Average 0.00 0.001 0.00 7.65 4903.33
Standard Deviation 0.00 0.00 0.00 0.50 8578.9~1

San Francisco Estuary Institue,~
1993-1995 ng/g ng/g ng/g
Pacheco Creek
:Count 5 5 5
Min 0.00 0.00 0.70
Max 1.13 2.62 4.83
Average 0.25 0.91 2.10

2
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Program Name and year(s) of Chlordane Total Toxaphene Total pH TOC
study DDT PCBs

ug/kg ug/kg ug/kg ug/kg    [ mg/kg
Standard Deviation 0.49 1.08 1.78
Grizzly Bay
Count 1 5 5
Min BDL 0.33 1.00i
Max 0.33 10.40 17.77’
Average 0.33 4.06 6.58
Standard Deviation n/a 3.98 6.79
Honker Bay
Count 1 4 4
Min BDL 1.67 3.00
Max 0.63 6.96 12.99
Average 0.63 4.29 7.50
Standard Deviation n/a 2.161 4.20
Sacramento River @ CoIlinsviIle
Count 1 5 5
Min BDL 0.15 0.00
Max 0.15’ 2.08 10.80
Average 0.15 0.98 2.92
Standard Deviation ru’a 0.76 4.44
San Joaquin River @ Antioch
Count 1 5 5
Min BDL 0.00 0.00
Max 0.17 0.881 2.70
Average 0.17 0.25 1.17
Standard Deviation n/a 0.361 0.98
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APPENDIX C

SUPPLEMENTAL INFORMATION PERTAINING TO
PARAMETER LOADING TABLES
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Bromide Loading Notes

a. Concentration data was received from Ray Tom of the Department of Water Resources.
Concentrations data was collected at Green’s Landing for the Sacramento River and Vemalis for
the San Joaquin River. Flow data is from USGS Water Data Reports for the years in which
concentration data was available.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year.. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate

b. See note a for explanation.

Cadmium Loading Notes

a. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
was compiled for four inactive mines including Iron Mountain, Newton, New Idria and
Afterthought Mines. Only mines that drain to the Sacramento River or its tributaries below
Shasta, Oroville and Nimbus Dams were considered. Eighty-five percent of the load was from
Iron Mountain. A later report by Central Valley RWQCB prepared in 1989 and entitled "A mass
loading assessment of major point and non-point sources in the Sacramento Valley, California,
1985" estimated that the earlier mine drainage estimate only represented 25% of the total. A
further review of the two RWQCB documents was made by Woodward-Clyde in light of
information contained in a 1992 report by the Central Valley Board entitled "Inactive mine
drainage in the Sacramento Valley". Data in this report suggests that mine drainage represents
about 50% of the total cadmium load from inactive mines. The 50% estimate was used to scale
up the loads originally calculated by RWQCB. The loads calculated in the 1988 RWQCB were
segregated into the three geographical areas, delta, San Joaquin Basin and Sacramento Basin
below dams.

b. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
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was compiled from several NPDES dischargers who have been monitoring copper, including the
largest in the Central Valley the Sacramento Regional County Sewer District. Woodward-Clyde
divided the results into two geographical areas, the delta and the Sacramento Basin. A later
report by Central Valley RWQCB prepared in 1989 and entitled "A mass loading assessment of
major point and non-point sources in the Sacramento Valley, California, 1985" estimated that the
earlier M and I estimate only represented 50% of the total. This percentage was used to scale up
the loads.

c. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Urban runoff
estimates were made for 19 large cities in the Central Valley. Flow data was calculated using
rainfall data for cities, urban acreage and a runoff factor of 0.3. Quality data for the city of
Sacramento was used for all cities. A later report by Central Valley RWQCB prepared in 1989
and entitled "A mass loading assessment of major point and non-point sources in the Sacramento
Valley, California, 1985" estimated that the earlier urban runoff estimate only represented 35%
of the total. A further review of the original data by Woodward-Clyde concluded that the
original estimate probably captured 70% of the load, because all major urban areas were included
in the calculations. The 70% figure was used to scale up the original estimates. The data
allowed separation of the loads into three geographical areas, the delta, San Joaquin Basin and
the Sacramento Basin.

d. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and
concentration information was compiled for the major drains in the Sacramento Basin, including
Sacramento Slough, Colusa Basin Drain, RD1000, RD108 and Natomas East Main Drain. A
later report by Central Valley RWQCB prepared in 1989 and entitled "A mass loading
assessment of major point and non-point sources in the Sacramento Valley, California, 1985"
estimated that the earlier agricultural runoff estimate only represented 80% of the total. This
percentage was used to scale up the estimates.

e. See note a for explanation.

f. See note b for explanation.

g. See note c for explanation.

h. Concentration data is from EarthInfo USGS Quality of Water databases on CD-ROM
(EarthInfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vemalis.
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Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate.

i. See Note a for explanation.

j. See Note b for explanation.

k. See Note c for explanation.

1. See Note h for explanation.

m. Reported in Table 19 of"State of the Estuary: A report on conditions and problems in San
Francisco Bay/Sacramento-San Joaquin Delta Estuary’ San Francisco Estuary Project, 1992.
Middle of range of values used.

n. See Note mc for explanation.

o. Total emission from upper Sacramento Basin was calculated using flow and concentration data
for releases from Shasta, Oroville and Nimbus Dams. Reported in "A mass loading assessment
of major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988.

Copper Loading Notes

a. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
was compiled for four inactive mines including Iron Mountain, Newton, New Idria and
Afterthought Mines. Only mines that drain to the Sacramento River or its tributaries below
Shasta, Oroville and Nimbus Dams were considered. Ninety-five percent of the load was from
Iron Mountain. A later report by Central Valley RWQCB prepared in 1989 and entitled "A mass
loading assessment of major point and non-point sources in the Sacramento Valley, California,
1985" estimated that the earlier mine drainage estimate only represented 25% of the total. A
further review of the two RWQCB documents was made by Woodward-Clyde in light of
information contained in a 1992 report by the Central Valley Board entitled "Inactive mine
drainage in the Sacramento Valley". Data in this report suggests that Iron Mountain represents
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about 50% of the total copper load from inactive mines. The 50% estimate was used to scale up
the loads originally calculated by RWQCB. The loads calculated in the 1988 RWQCB were
segregated into the three geographical areas, delta, San Joaquin Basin and Sacramento Basin
below dams.

b. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
was compiled from several NPDES dischargers who have been monitoring copper, including the
largest in the Central Valley the Sacramento Regional County Sewer District. Woodward-Clyde
divided the results into two geographical areas, the delta and the Sacramento Basin. A later
report by Central Valley RWQCB prepared in 1989 and entitled "A mass loading assessment of
major point and non-point sources in the Sacramento Valley, Califomia, 1985" estimated that the
earlier M and I estimate only represented 50% of the total. This percentage was used to scale up
the loads.

c. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Urban runoff
estimates were made for 19 large cities in the Central Valley. Flow data was calculated using
rainfall data for cities, urban acreage and a runoff factor of 0.3. Quality data for the city of
Sacramento was used for all cities. A later report by Central Valley RWQCB prepared in 1989
and entitled "A mass loading assessment of major point and non-point sources in the Sacramento
Valley, California, 1985" estimated that the earlier urban runoff estimate only represented 35%
of the total. A further review of the original data by Woodward-Clyde concluded that the
original estimate probably captured 70% of the load, because all major urban areas were included
in the calculations. The 70% figure was used to scale up the original estimates. The data
allowed separation of the loads into three geographical areas, the delta, San Joaquin Basin and
the Sacramento Basin.

d. Copper concentrations are available from various sampling locations within the Delta and at
the San Joaquin River inflow to the Delta. Most of this data can be found at the Interagency
Ecological Program web site. Work is in progress to acquire matching discharge data and
calculate loads.

e. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and
concentration information was compiled for the major drains in the Sacramento Basin, including
Sacramento Slough, Colusa Basin Drain, RD1000, RD108 and Natomas East Main Drain. A
later report by Central Valley RWQCB prepared in I989 and entitled "A mass loading
assessment of major point and non-point sources in the Sacramento Valley, California, 1985"
estimated that the earlier agricultural runoff estimate only represented 80% of the total. This
percentage was used to scale up the estimates.
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f. See Note a for explanation.

g. See Note b for explanation.

h. See Note c for explanation.

i. Concentration data is from Earthlnfo USGS Quality of Water databases on CD-ROM
(EarthInfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vemalis.

Loads were calculated for each day data were available. For the period of record the average
dally load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate

j. See Note a for explanation.

k. See Note c for explanation.

1. See Note i for explanation.

m. Reported in Table 19 of"State of the Estuary: A report on conditions and problems in San
Francisco Bay/Sacramento-San Joaquin Delta Estuary’ San Francisco Estuary Project, 1992.
Middle of range of values used.

Copper Loading Notes

n. See Note m for explanation.

o. Total emission from upper Sacramento Basin was calculated using flow and concentration data
for releases from Shasta, Oroville and Nimbus Dams. Reported in "A mass loading assessment
of major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988..

Dissolved Organic Carbon (DOC) Loading Notes

a. Load data was obtained from the "Study of Drinking Water Quality in Delta Tributaries" from
the California Urban Water Agencies, April 1995 Report. The data estimated using Figure 4-1
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which shows total loads of DOC and TOC and percentages for various contributing sources. The
total in pounds per day in the Sacramento River at Greene’s Landing is 310,000 lbs/day, 13.75 %
of that is from agriculture. The data were evaluated using two techniques. One involves
constructing and evaluating time-series plots for rainfall, flow, concentration and load allowing
for a directs and detailed examination of seasonal and historical patterns and allow for a direct
and detailed examination of periods when concentrations are high. The second technique
included combining data from different sets of conditions/types of seasonal periods to average
loads.

b. The "Study of Drinking Water Quality in Delta Tributaries", California Urban Water
Agencies, April 1995 shows a 1.1 mg/L increase in DOC concentrations from agricultural
drainage by comparing Inflow, Observed and Predicted DOC Five Years (1987-91) of Monthly
Average DOC data. No flow data was supplied, therefore, no load calculations can be performed
until further literature review has been performed.

c. A single sample reported in the Study of Drinking Water Quality in Delta Tributaries.
California Urban Water Agencies, April 1995, was collected in 1989 (4.4-500mg/1) for urban
runoff in Sacramento. No flow data available for this sample. Further data search must be
performed to obtain additional TOC data information for load calculations.

Mercury Loading Notes

a. Concentration data is from Earthlnfo USGS Quality of Water databases on CD-ROM
(Earthlnfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vemalis.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a yea~) / average daily flow
over the period of record)* long term daily average flow rate

b. See Note a for explanation.

c. Reported in Table 19 of"State of the Estuary: A report on conditions and problems in San
Francisco Bay/Sacramento-San Joaquin Delta Estuary’ San Francisco Estuary Project, 1992.
Middle of range of values used.

d. See Note c for explanation.
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e. Emission was calculated using flow and concentration data for release from Shasta Dam. No
similar data was available for Oroville and Nimbus Dams so this is probably an underestimate.
Reported in "A mass loading assessment of major point and non-point sources discharging to
surface waters in the Central Valley, California, 1985" prepared by the RWQCB Central Valley
Region in 1988. The emission is the product of a large flow and a small concentration, probably
based on limited data. Consequently, a small error in concentrationcan greatly effect the
emission rate.

Nitrate Loading Notes

a. Nitrate loads were calculated by Woodward-Clyde for the Contra Costa Clean Water Program
(Contra Costa Clean Water Program, 1994). The loads assessment model is based upon a
relationship between rainfall quantities, runoff pollutant concentrations, and the relationship
between pollutant loads and land use. The loads assessment model contains the following
assumptions:

¯ Uniform precipitation between isohyets
¯ Constant runoff coefficient based upon land use
¯ Runoff water quality was constant for each land use
¯ Isohyetals based on average annual precipitation

The reported load in the loading table is from Figure 4-1 of the report (Contra Costa Clean Water
Program, 1994).

b. See Note a for explanation.

c. Nitrate loads were calculated for the Sacramento NPDES Stormwater Discharge
Characterization Program (Larry Walker & Associates). Loads were initially calculated in 1992
using the following methodology:

¯ Regression models were developed showing the relationship of urban runoff
pollutant discharge factors.

¯ The regression equations were then used as input to a continuous simulation
model for Sacramento urban runoffmass loading over a 58 ye.ar period.

¯ The model was refined in 1996, using the updated database of urban runoff
monitoring data available form the Sacramento NPDES Stormwater Monitoring
Program. the load reported in the loading table is from Table 15 of the report (Larry
Walker & Associates).

Selenium Loading Notes

a. Concentration data is from EarthInfo USGS Quality of Water databases on CD-ROM
(EarthInfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
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the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vemalis.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load -- ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate

b. See Note a for explanation.

c. Selenium loads to San Francisco Bay are reported in "Mass Emissions Reduction Strategy for
Selenium" prepared by San Francisco Bay RWQCB in 1992. The loads are estimated as 7.1
kg/day from oil refineries, 2.2 kg/day from municipal wastewater treatment plants and 2 kg/day
from riverine sources under average flow conditions. No selenium was detected in samples of
municipal wastewater. The RWQCB assumed that it was present in municipal wastewater at the
detection limit used in the analyses and thus calculated 2.2 kg/day. The RWQCB noted this was
a probable overstatement. It is worth noting that the estimated load to the bay from riverine
sources (1,600 lbs/yr) is much lower than the sum of the Sacramento and San Joaquin River
inputs to the Bay-Delta system (1 i,000 Ibs/yr reported in "State of the Estuary: A report on
conditions and problems in San Francisco Bay/Sacramento-San Joaquin Delta Estuary" San
Francisco Estuary Project, 1992. Perhaps, this is attributable chemical reactions and biological
uptake in the Delta.

Total Dissolved Solids (TDS) Loading Notes

a. One study on drinking water quality in Delta tributaries calculated the relative proportions of
TDS loads in the Sacramento River at Greene’s Landing (California Urban Water Agencies,
1995). The load was subdivided into the following five categories: other sources, Sacramento
Regional Wastewater Treatment Plant, Sacramento Combined Sewer Overflow, urban runoff,
and the Sacramento Slough and Colusa Basin Drain. The load from Sacramento Slough and
Colusa Basin Drain is assumed to be drainage from rice fields and therefore represents the
agricultural load for the Lower Sacramento Basin.. The study calculated loads for both wet and
dry years. The table contains an average for both years.

b. The portion of the load attributed to the Sacramento Regional Wastewater Treatment Plant in
the drinking water study referenced in note represents a load from the area serviced by the           ,
plant. The load in the table does not represent a total load form all POTW’s in the Lower
Sacramento River Basin. The load value in the table is an average of wet and dry year loads.

c. The TDS concentration was developed from a continuous simulation analysis as a sum of the
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loads from wet weather, dry season and inter-storm loads (Larry Walker & Associates, 1996).

d. Concentration data was received from Ray Tom of the Department of Water Resources.
Concentrations data was collected at Green’s Landing for the Sacramento River and Vemalis for
the San Joaquin River. Flow data is from USGS Water Data Reports for the years in which
concentration data was available.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate

e. The study referenced in note a above also calculated loads for the San Joaquin River at
Vemalis. The load was subdivided into contributions from Mud and Salt Sloughs and other
sources. The load from Mud and Salt Sloughs is assumed to be agricultural drainage. The
load value in the table is an average of wet and dry year loads.

f. One study (Fresno Metropolitan Flood Control District, 1995) estimated the annual pollutant
loads, summing the loads from the San Joaquin River, Dry Creek and Bidon Canal.

g. See explanation for note d.

Total Organic Carbon (TOC) Loading Notes

a. Load concentrations to the mud and salt sloughs from agriculture in the Sacramento Area
were reported in the "Study of Drinking Water Quality in Delta Tributaries". (California Urban
Water Agencies,1995). The value was obtained from Appendix D, Table D-7. The value used
here is the highest value from the Table and in Wet year/wet season. The annual load was
calculated assuming an average of 30,850 Ib/day and 365 days in the wet season as defined in
the study.

b. Load data was obtained from the "Study of Drinking Water Quality in Delta Tributaries"
from the California Urban Water Agencies, April 1995 Report. The data estimated using Figure
4-1 which shows total loads of DOC and TOC and percentages for various contributing sources.
The total in pounds per day in the Sacramento River at Greene’s Landing is 310,000 Ibs/day,
4.75 % of that is from agriculture. The data were evaluated using two techniques, one involves
constructing and evaluating time-series plots for rainfall, flow, concentration and load allowing
for a directs and detailed examination of seasonal and historical patterns and allow for a direct
and detailed examination of periods when concentrations are high. The second technique
included combining data from different sets of conditions/types of seasonal periods to average
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loads.

c. Concentration data was received from Ray Tom of the Department of Water Resources.
Concentrations data was collected at Green’s Landing for the Sacramento River and Vemalis for
the San Joaquin River. Flow data is from USGS Water Data Reports for the years in which
concentration data was available.                                                      ~

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate

d. Load data was obtained from the "Study of Drinking Water Quality in Delta Tributaries"
from the California Urban Water Agencies, April 1995 Report. The data estimated using Figure
4-1 which shows total loads of DOC and TOC and percentages for various contributing sources.
The total in pounds per day in the San Joaquin River at Vernalis is 47,950 lbs/day, 61.51% of
that is from agriculture. The data were evaluated using two techniques. One involves
constructing and evaluating time-series plots for rainfall, flow, concentration and load allowing
for a directs and detailed examination of seasonal and historical patterns and allow for a direct
and detailed examination of periods when concentrations are high. The second technique
included combining data from different sets of conditions/types of seasonal periods to average
loads.

Additional sampling has been conducted by the Department of Pesticide Regulations along the
San Joaquin River. Sampling occurred periodically from March of 1991 through.February of
1993. It can be assumed that these samples are being collected to estimate contaminants from
agriculture. Concentration and flow data are available for values collected in the San Joaquin
River. Further Investigation on the locations of these monitoring stations and surrounding
landuse will be performed prior to load calculations.

e. Concentration data is from EarthInfo USGS Quality of Water databases on CD-ROM
(Earthlnfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vemalis.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
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period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

The load was calculated using the equation in note c.

Zinc Loading Notes

a. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
was compiled for four inactive mines including Iron Mountain, Newton, New Idria and
Afterthought Mines. Only mines that drain to the Sacramento River or its tributaries below
Shasta, Oroville and Nimbus Dams were considered. Eighty-five percent of the load was from
Iron Mountain. A later report by Central Valley RWQCB prepared in 1989 and entitled "A mass
loading assessment of major point and non-point sources in the Sacramento Valley, California,
1985" estimated that the earlier mine drainage estimate only represented 25% of the total. A
further review of the two RWQCB documents was made by Woodward-Clyde in light of
information contained in a 1992 report by the Central Valley Board entitled "Inactive mine
drainage in the Sacramento Valley". Data in this report suggests that mine drainage represents
about 50% of the total zinc load from inactive mines. The 50% estimate was used to scale up the
loads originally calculated by RWQCB. The loads calculated in the 1988 RWQCB were
segregated into the three geographical areas, delta, San Joaquin Basin and Sacramento Basin
below dams.

b. The original data for the load estimate was obtained from "A mass loading assessment of
major point and non-point sources discharging to surface waters in the Central Valley,
California, 1985" prepared by the RWQCB Central Valley Region in 1988. Flow and load data
was compiled from several NPDES dischargers who have been monitoring copper, including the
largest in the Central Valley the Sacramento Regional County Sewer District. Woodward-Clyde
divided the results into two geographical areas, the delta and the Sacramento Basin. A later
report by Central Valley RWQCB prepared in 1989 and entitled "A mass loading assessment of
major point and non-point sources in the Sacramento Valley, California, 1985" estimated that the
earlier M and I estimate only represented 50% of the total. This percentage was used to scale up
the loads.

c. Loads were taken from "A mass loading assessment of major point and non-point sources
discharging to surface waters in the Central Valley, California, 1985" prepared by the RWQCB
Central Valley Region in 1989.

d. See note a for explanation.

e. See note c for explanation.

f. See note c for explanation.
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g. Concentration data is from Earthlnfo USGS Quality of Water databases on CD-ROM
(Earthlnfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vemalis.

Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate.

h. See note a for explanation.

i. See note g for explanation.

j. Estimate of Bay Region loads were made by adding estimated pollutant loads of Contra Costa,
Alameda and Santa Clara Counties. This value probably underestimates the total contribution of
zinc by the Bay Region.

FURTHER RESEARCH REQUIRED TO ALLOCATE LOADS

Carbofuran Loading Notes

General Notes

¯ Applied to alfalfa fields in March and to rice fields from April through June.

a. Several studies report carbofuran concentrations detected in the Sacramento River at various
locations (USGS, 1995, Open File Report 95-110); (Crepeau et. al.); (Department offish and
Game, Rice Pesticide Concentrations in the Sacramento River and Associated Agricultural
Drains); (Department of Water Resources, August 1989). Discharge data is available for many
of the locations where carbofuran was sampled. Load calculations are in progress.

b. See Note a for explanation.

Chlorpyrifos Loading Notes

General Notes
¯ Applied to almond orchards in January and February and again in May through August.
¯ Applied to alfalfa fields in March.
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¯ Particle bound compound.

a. Concentration data is from EarthInfo USGS Quality of Water databases on CD-ROM
(EarthIrtfo, 1996). Flow data is from USGS Water Data Reports for the years in which
concentration data was available. For the Sacramento River concentration and flow data used in
the load calculation is from Freeport. For the San Joaquin River concentration and flow data
used in the load calculation is from Vemalis.

_ Loads were calculated for each day data were available. For the period of record the average
daily load was calculated from all the daily values. The annual load for the period of record is
the product of the average daily load multiplied times the number of seconds in a year. The
resulting value was converted to an average annual value by dividing the annual load for the
period of record by the average daily flow over the period of record and then multiplying the
result times the long term daily average flow rate.

average annual load = ((average daily load * number of seconds in a year) / average daily flow
over the period of record)* long term daily average flow rate.

Diazinon Loading Notes

General Notes

¯ Applied to almond orchards in January and February and again in May
through August.

¯ Applied to alfalfa fields in March.

a. One study (Conner, 1996) reports diazinon concentrations in urban runoff from the cities of
Stockton and Sacramento and the San Francisco Bay Area. The concentration from the City of
Stockton could be used to calculate a load for the Delta. However, further investigation is
required to determine if discharge data can be matched to the sampling events and locations.

b. See Note a for explanation.

c. Loads were estimated based on measured diazinon concentrations and measured streamflows.
Diazinon concentrations in the San Joaquin River at Vemalis were obtained from The USGS
WATSTOR database and the USGS Open File Report 95-110. Diazinon data in the Sacramento
River at Sacramento were obtained from the USGS Open File Report 95-110. Flows in the
Sacramento River are from the USGS gage at Freeport (#11447650).

d. Flows in the San Joaquin River are from the USGS gage at Vemalis (#11303500). At Vernalis
loads were estimated for years 1991, 1993, and 1994. The average is reported in the table. At
Sacramento loads were estimated for 1993 and 1994 and the average reported. Note, the
estimated diazinon load at Sacramento includes urban runoff from Sacramento and surrounding
areas in addition to agricultural runoff. Non-detect data was not included in the loads analysis.
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APPENDIX D

SECTION 303(d) LIST INFORMATION
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Clean Water Act Section 303(d) Listed Impaired Waterbodies
Within the CALFED Solution Area

Waterbody Regional Parameters of Concern Probable Sources
Board

. Sacramento River Basin
American River, Lower 5 Mercury Mining

Group A Pesticides Urban
. (Chlordane)

Unknown Toxicity Unknown

Cache Creek 5 Mercury Mining
Unknown Toxicity Unknown

Colusa Drain 5 Pesticides (Carbofuran) Agriculture
Unknown Toxicity Unknown

Feather River, Lower 5 Mercury Mining
Diazinon, Chlorpyfifos Agriculture, Urban
Group A Pesticides Agriculture
(Toxaphene)
Unknown Toxicity i Unknown

Harley Gulch 5 Mercury i Mining

Humbug Creek 5 Copper, Mercury, Zinc Mining

Sedimentation Mining

Little Cow Creek 5 Copper, Zinc, Cadmium Mining

Natomas East Main Drain5 PCBs Industrial, Urban
Diazinon, Chlorpydfos Agriculture, Urban

~Sacramento River 5 Cadmium, Copper, Zinc Mining
(Shasta Dam to Red Bluff) Unknown Toxicity Unknown

Temperature Dam

Sacramento River 5 Mercury Mining
(Red Bluff to Delta) Diazinon, Chlorpydfos Agriculture

Carbofuran ~griculture
Unknown Toxicity Unknown

Sacramento Slough 5 :Mercury Unknown
Diazinon, Chlorpyfifos Agriculture, Urban

Sulfur Creek 5 Mercury Mining

303D.XLS
CALFED solution area
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Clean Water Act Section 303(d) Listed Impaired Waterbodies
Within the CALFED Solution Area

Waterbody ’Regional Parameters of Concern Probable Sources
Board

San Joaquin River Basin
Grasslands Marshes 5 Selenium Agriculture

TDS Agriculture

Merced River, Lower 5 Group A Pesticides Agriculture
(Toxaphene)
DDT Agriculture

Mokelumne River, Lower 5 Copper, Zinc Mining
Dissolved Oxygen Dam

Mud Slough 5 Selenium Agriculture
TDS Agriculture
Boron Agriculture
Pesticides Agriculture
Unknown Toxicity Agriculture

Orestimba Creek 5 Pesticides Agriculture

Unknown Toxicity Unknown

Panoche Creek 5 Mercury Mining
TDS :Agriculture
Selenium Agriculture

Salt Slough 5 Selenium Agriculture
TDS Agriculture
Mercury Mining
Pesticides Agriculture
Boron Agriculture

San Carlos Creek 5 Mercury Mining

San Joaquin River 5 Selenium Agriculture
Diazinon, Chlorpyrifos Agriculture
Unknown Toxicity Unknown
Group A Pesticides (?) Agriculture
Salt, Boron Agriculture

Stanislaus River, Lower 5 Group A Pesticides Agriculture
(Endosulfan)
DDT Agriculture
Unknown Toxicity Unknown

Temple Creek 5 Ammonia Dairies

303D.XLS
CALFED solution area
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Clean Water Act Section 303(d) Listed Impaired Waterbodies
Within the CALFED Solution Area

Waterbody Regional Parameters of Concern Probable Sources
Board

. Tuolumne River, Lower 5 Group A Pesticides l Agriculture
(Chlordane, Toxaphene)
DDT Agriculture

,, Unknown Toxicity Unknown

Turlock Irrigation District 5 Ammonia Wastewater
Lateral #5 Discharge, Agriculture

Pesticides Agriculture

Unknown Toxicity Unknown

Note: These waterbodies represent CWA Section 303(d) impaired waterbodies within the
CALFED solution area that are impaired due to the presence of one or more CALFED
Water Quality parameters of concern.
Source: 1996 California 303(d) and TMDL Priority List.

303D.XLS
CALFED solution area
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Clean Water Act Section 303(d) Listed Impaired Waterbodies
Within the CALFED Problem Area

Waterbody Regional Parameters of Concern Probable Sources
Board

Delta
Carquinez Strait 2 Metals Municipal and

Industrial Point
Sources, Mining, Urban

Delta Waterways 5 Mercury Mining
Diazinon, Chlorpyrifos Agriculture, Urban
Group A Pesticides Agriculture
(Chlordane, Toxaphene)
Unknown Toxicity Unknown
DDT Agriculture
Dissolved Oxygen Municipal, Urban
Salt Agriculture

Lone Tree Creek 5 Ammonia, Salt, DO Dairies

Marsh Creek 5 Mercury Mining

Suisun ’Bay 2 Metals Municipal and
Industrial Point
Sources, Mining, Urban

Suisun Marsh 2 Metals Agriculture, Urban,
Wetlands Flow Regulation

Nutrients Agriculture, Urban,
Flow Regulation

Salinity Agriculture, Urban,
Flow Regulation

Dissolved Oxygen Agriculture, Urban,
Flow Regulation

Note: These waterbodies represent CWA Section 303(d) im ~aired waterbodies within the
CALFED problem area that are impaired due to the presence of one or more CALFED
Water Quality parameters of concern.
Source: 1996 California 303(d) and TMDL Priority List.

303D.XLS
CALFED problem area
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Clean Water Act Section 303(d) Listed Impaired Waterbodies
Within the Bay Region that May Affect the CALFED Problem Area

Waterbody        Regional Parameters of Probable Sources
Board      Concern

Napa River 2 Pathogens Urban Runoff, Agriculture

o Nutrients Agriculture

Turbidity Agriculture, Urban Runoff
Petaluma River 2 Pathogens Agriculture, Urban Runoff

- Nutrients Agriculture, Urban Runoff
Turbidity Agriculture, Urban Runoff

Richardson Bay 2 Pathogens Urban Runoff, Marinas
San Francisco Bay,2 Metals Municipal and Industrial Point
Central Sources, Mining, Urban

San Francisco Bay,2 Metals Municipal Point Sources,
Lower Urban Runoff

iSan Francisco Bay, 2 Metals Municipal Point Sources,
South Urban Runoff, Mining

San Pablo Bay 2 iMetals Municipal and Industrial Point
Sources, Mining, Urban
Runoff

Sonoma Creek 2 Nutrients, Agriculture, Urban Runoff,
Pathogens, Construction
Turbidity

Note: These waterbodies represent CWA 303(d) impaired waterbodies within the
Bay region that are impaired due to the presence of one or more CALFED Water Quality
parameters of concern.
Source: 1996 California 303(d) and TMDL Priority List.

303D.XLS
Bay
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Clean Water Act Section 303(d) Listed Impaired Waterbodies
Above Dams Within the Sacramento River Basin that May Affect the CALFED Problem Area

ill

Waterbody Regional Parameters of Concern Probable
Board Sources

Sacramento River Basin--Above Dams

’Berryessa Lake Mercury Mining

Clear Lake ’5 Mercury Mining
Nutrients Unknown

"i-Iorse Creek 5 Copper, Cadmium, Zinc Mining

Keswick Reservoir 5 Copper, Cadmium, Zinc Mining

Little Backbone Creek 15 Copper, Cadmium, Zinc Mining

pH Mining

’Shasta Lake 5 Copper, Cadmium, Zinc Mining

Spring Creek 5 Copper, Cadmium, Zinc Mining
pH Mining

Town Creek 5 Copper, Cadmium, Zinc Mining

West Squaw Creek 5 Copper, Cadmium, Zinc Mining

Whiskeytown Reservoir 5 !Pathogens On-site
Disposal
Systems

Willow Creek 5 I Copper, Zinc Mining

pH Mining

Note: These waterbodies represent CWA Section 303(d) impaired waterbodies
above major dams within the Sacramento River Basin that are impaired due to the
presence of one or more CALFED Water Quality parameters of concern.
Source: 1996 California 303(d) and TMDL Priority List.

303D.XLS
Above dams
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NOTE TO REVIEWERS

This is a progress draft of the technical report on water quality. It contains approximately 85% of
the text of the f’mal report. Additional work needs to be done in several areas. The effects of a few
actions in the common programs remain to be analysed and the discussion of mitigation measures
needs to be expanded. Further interpretation and perhaps graphic display of the modeling results are
needed to make the environmental consequences of the alternatives more readily understandable.
A comprehensive summary table of all impacts has not yet been prepared. Also, the analysis of the
three major CALFED alternatives was based on numerical modeling results available at the time the
report was written. The modeling runs used in this report do not simulate the effects of the storage
components of the alternatives. The analysis will need to be updated when model runs including the
effects of storage become available.

Some descriptive materials on the alternatives and the common programs are included in this report
for the convenience of the reviewer and to ensure that there is a clear and unambiguous linkage
between an action and the description of its effects. The descriptive materials may be omitted at a
later date when a comprehensive description of the CALFED alternatives is prepared.

The primary authors of the water quality impacts report are John Davis (Phone 503-222-7200, Fax:
503-222-4272, Email: jadavis0@wcc.com) and Peter Mangarella (Phone 510-874-3022, Fax: 510-
874-3268, Email: pamanga0@wcc.com).

CALFED Bay-Delta Program 1:’~9634\008.1 .wpd~25-August-97~
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1.0 Introduction

The intent of the CALFED Bay-Delta Program is to develop long-term solutions to problems
affecting the San Francisco Bay/Sacramento-San Joaquin Delta estuary in Northern California.
Overall, the program is expected to benefit California’s economy and environment. However,
some program components could have adverse environmental effects. The purpose of this
technical report is to describe, in a programmatic manner, the potential impacts of the program on
water quality.

The report contains a description and discussion of the changes in water quality that would occur
by the year 2020 if no new action is taken to solve problems in the Delta (No Action Alternative),
or if one of the three program alternatives is implemented. Potential impacts that might occur in
the five regions within the study area, the Delta Region, Bay Region, Sacramento River Region,
San Joaquin River Region, and the State Water Project (SWP) and Central Valley Project (CVP)
service areas, are described separately. Potential mitigation strategies that could lessen
environmental impacts are also described.

Three alternatives have been developed by CALFED that meet the goals of the program. The
alternatives differ mainly in the manner water is conveyed around or through the Delta and in the
amount of water storage they include. Each alternative also includes four common programs
(Ecosystem Restoration, Levee System Integrity, Water Quality and Water Use Efficiency
Programs).

The summary of potential impacts on water quality that follows this introduction will be used,
together with other technical materials, to prepare the water quality section of the Environmental
Impact Report/Environmental Impact Statement (EIR/EIS) for the CALFED program.
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2.0 Summary somewhat artificial because it assumes
instantaneous implementation of the
CALFED program alternatives. In fact, the

2.1 ASSESSMENT METHODS scale of the alternatives is such that it would
take decades to fully implement one of them

Analysis of the environmental impacts of the and consequently the comparison with the No
CALFED alternatives on water quality is Project Condition is the most realistic and
complicated by the fact that the three major

useful.
alternatives to be analysed are made up of
many components, some of which are The complexity of the CALFED alternatives
common to more than one alternative. Also, and the environment they affect is so great
within each of the major alternatives there are that it is almost impossible to analyse the
a number of subalternatives, options that alternatives without the use of numerical
have to be evaluated separately. To facilitate models. The DWRSIM and DWRDSM1
analysis, the three major alternatives were models developed by the Department of
broken into their component parts. Each Water Resources were used to simulate the
component or action was analysed separately effects of the alternatives on salinity,
and its environmental consequences dissolved organic carbon (DOC) and bromide
determined. In a final step, the alternatives concentrations in Delta waters. The effects
were reassembled and their collective of the alternatives on concentrations of all
environmental consequences delineated, other constituents of concern were made

Section 2.2 of this summary describes the
semi-qualitatively.

environmental impacts of the four common The modeling studies are being conducted in
programs; the Ecosystem Restoration a series of stages. At this stage, the storage
Program, the Water Quality Program, the components of the alternatives have not been
Levee System Integrity Program and the included in the simulations. Consequently,
Water Use Efficiency Program. Section 2.3 the following discussion of alternatives
describes the environmental impacts of the includes only a qualitative assessment of the
water conveyance and storage components of effects of storage on water quality. The
the alternatives. The collective assessment will be made more precise when
environmental impacts of the No Action the next stage of modeling is complete.
Alternative and the three CALFED
alternatives are described in Sections 2.4 2.2 ENVIRONMENTAL
through 2.7. IMPACTS OF COMMON

PROGRAMS
The conditions that result from
implementation of the alternatives are Ecosystem Restoration Program
compared to two conditions, the existing

The Ecosystem Restoration Program involvescondition and the No Action Condition. The
restoration of approximately 150,000 acres ofexisting condition is the condition prevailing
terrestrial and aquatic wildlife habitat. Delta- in 1997. The No Action Condition is the

condition that will exist in 2020 in the islands and land bordering waterways would
be converted from current agricultural uses toabsence of the CALFED program. The
wildlife habitat, including riparian corridors,¯            comparison with the existing condition is
floodways, meander belts, wetlands and open
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water. Some agricultural lands would serve a water quality. The emission of salts would
second purpose as seasonal wetlands. Water remain about the same as it is under the
diversions would be screened to exclude fish, existing condition although salt
modifications would be made to diversion concentrations in delta channels and other
structures to improve fish passage, and waterways would increase due to increased
undesirable species would be controlled, evaporation rates. It is not clear whether
CVP and SWP operations would be modified DOC emissions would be increased or
to better provide water for environmental decreased by habitat restoration. If they are
purposes. Habitat restoration and increased, the DOC content of Delta waters
modification of operations would have would rise making them less suitable as a
impfications for water quality, source of drinking water. Dissolved organic

carbon combines with disinfectants used inDirect Short-Term Impacts Habitat
restoration would involve large-scale water treatment to form trihalomethanes and

other substances known to be injurious toconstruction operations affecting
human health.considerable areas of land and water. The

potential for adverse effects on water quality Restoration of riparian corridors and
is great. Construction activities in waterways emergent wetlands would increase shading of
could greatly increase local water turbidity water surface. Water temperatures in small
and, depending on the source of the material tributary streams would be decreased. Any
used for levee construction, could cause the decrease in water temperatures due to
release of nutrients, natural organic matter increased shading in Delta channels and large
and toxicants into the water column, rivers may be offset by solar heating of a
Construction in the dry would make similar larger water surface area at a slower rate of
substances available for wash off into flow. The exclusion of livestock from
waterways during storms and high flows, riparian areas may reduce the microbial
Even assuming that construction methods content of stream waters and increase their
would be chosen to minimize adverse suitability for water contact recreation and as
environmental impacts and that conventional a raw water supply source.
mitigation measures would be integrated into

Direct Long-Term Impacts Compared to Noconstruction activities, adverse changes in Action Condition The direct long-term
water quality in the immediate vicinity of impacts compared to the No Action
construction sites can be expected. Regional Condition would be similar to those
water quality and beneficial uses would not compared to the existing condition. The
be affected by construction activities. changes in emission of various substances
Direct Long-Term Impacts Compared to attributable to the conversion of agricultural
Existing Condition The Ecosystem lands to wildlife habitat would be the same.
Restoration Program would alter water Concentrations of substances in Delta waters
quality in a number of ways. The conversion would be slightly altered because of the
of land from agricultural cropland to wildlife different flow regime prevailing under the No
habitat would reduce the emission of soil Action Condition.
particles, nutrients and pesticides to the Indirect Impacts There would be no indirect
waters of the Bay-Delta system with a impacts of the Ecosystem Restoration
consequent beneficial effect on in-stream Program.
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Potentially Significant Impacts/Mitigation relocation of water supply intakes to take
Measures Because of their large scale, the advantage of better water quality.
construction activities required to implement Direct Short-Term Impacts Construction

. Ecosystem Restoration Program could have a activities associated with Water Quality
significant adverse effect on water quality. Program actions designed to reduce
However, if construction methods are chosen emissions of pollutants would be relatively
to minimize adverse environmental impacts small scale and largely confined to
and conventional construction mitigation abandoned mine sites, existing wastewater
measures are adopted, adverse changes in treatment plant sites and new development
water quality are judged to be less-than- sites. Local increases in water turbidity could
significant because they are temporary, occur as a result of sediment discharge but
reversible and local, adverse water quality effects could be
The only long-term adverse water quality minimized by the application of conventional
impact of the program is an increase in water construction mitigation measures. Relocation
salinity attributable to increased evaporation, of water supply intakes would involve larger
Long-term water quality benefits would result scale construction operations but again water
from decreased discharge of nutrients and quality impacts would be limited to localized
pesticides, increases in water turbidity ff conventional

If the conversion of agricultural land into construction mitigation measures are applied.

aquatic habitat resulted in an increase in Direct Long-Term Impacts Compared to
DOC content of Delta waters, then their Existing Condition The Water Quality
suitability as a drinking water source would Program would result in a substantial
be reduced and the cost of water treatment reduction in metals emissions from
increased. Any adverse effects could be abandoned mines (25 to 35%) and a modest
mitigated by locating at least some of the reduction (10%) in pollutant emissions in
aquatic habitat restoration projects in areas urban, industrial and agricultural wastewater
where any increase in DOC emission would and stormwater runoff. The expected
not affect drinking water diversions, or by emission reductions from urban, industrial
treating peat soils to reduce DOC emissions, and agricultural areas are modest because the

Water Quality Program Water Quality Program as currently proposed
relies on provision of incentives and

The Water Quality Program consists of a enforcement of existing regulations rather
series of actions designed to reduce the than new regulatory action.
emission of pollutants from abandoned mines

Reductions in he~tvy metals emissions fromand agricultural, urban and industrial lands to
waterways in the Bay-Delta system. Actions abandoned mines would substantially

include source control measures to prevent improve water quality in the small streams
close to the mines and probably would havepollutants from entering the aqueous

environment, treatment to remove pollutants some beneficial effect on water and sediment
" from discharged wastewaters, and quality in larger water bodies downstream.

Water quality within receiving waters closemanagement measures to minimize the
adverse environmental effects of discharged to urban and industrial wastewater

¯ pollutants. The program also includes discharges, urban and industrial stormwater
outfalls, and discharges of agricultural
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surface and subsurface drainage water would likely to impose more stringent effluent limits
improve slightly, particularly in on pollutant discharges to maintain
circumstances where the discharge represents compliance with in-stream objectives.
a substantial proportion of stream flow. Municipalities and industry will have to
However, regional water quality would be increase treatment levels or otherwise reduce
little affected except perhaps by the expected pollutant emissions to meet effluent limits.
reduction in pesticide emission in agricultural Indirect Impacts The Water Quality Program
drainage in the San Joaquin Valley and the would have no indirect effects with one
Delta. possible exception. A potential indirect
Changes in location of municipal and effect of vigorous enforcement of effluent
agricultural water supply diversions would limits for municipal wastewater treatment
improve the quality of wa.ter diverted at plants and pretreatment requirements for
certain times. But beneficial effects would be industries that discharge to them is industry
limited in the absence of other actions to relocation. If wastewater management costs
improve water quality in the southern Delta. for industries increase they may choose to

relocate to areas where wastewater treatmentDirect Long-Term Impacts Compared to No
costs are less. The environmental impacts ofAction Condition Under the No Action

Alternative, the mass emission of pollutants wastewater disposal are then transferred from
one place to another. This indirect impactin urban wastewater and stormwater in the
would be expected to be minor because theCentral Valley would increase by

approximately 60% by 2020 as a result of program does not call for more stringent

population growth. Water quality would standards, only enforcement of those that

deteriorate in response to increased pollutant already exist. If the program is strengthened

emissions with the effects most noticeable in the future, the indirect effects would be

near the points of discharge of wastewater greater.

and stormwater. Implementation of the Potentially Significant Impacts/Mitigation
Water Quality Program would reduce the rate Measures The Water Quality Program would
of increase in pollutant emissions between have no significant adverse impacts on water
1997 and 2020. Pollutant emissions would quality. The program would ~enerally
increase by 45 to 50% rather than by 60%. produce modest water quality benefits in the
Thus, water quality would be better with the vicinity of wastewater outfalls and tailwater
Water Quality Program in place than under discharges. Reductions in metals and
the No Action Alternative. It would still pesticides attributable to control of mine
deteriorate from the existing condition, drainage and agricultural discharges would

provide more significant benefits. TheSuch a deterioration in water quality as a
decreases in pollutant emissions from urbanresult of population growth is unlikely to be
wastewater and stormwater dischargesacceptable to CALFED and regulatory
attributable to the Water Quality Program asagencies, particularly if in-stream water

quality objectives are violated. Consistent currently proposed would be rapidly offset by
the increase in emissions attributable towith CALFED’s adaptive management

philosophy the Water Quality Program would growth.

likely be modified to prevent a deterioration
in water quality. Regulatory agencies are
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Levee System Integrity Program methods would be chosen to minimm" e
adverse environmental impacts and thatThe levee system integrity program consists
conventional mitigation measures would beof several actions designed to improve the

. stability of levees in the Delta and thus integrated into construction activities some
adverse changes in water quality in thereduce the risk of catastrophic flooding due to
immediate vicinity of construction sites canlevee failure. Existing levees may simply be
be expected. However, regional water qualitystrengthened to PL-99 standards or new
and beneficial uses would not be affected bysetback levees built to the same standard.

Approximately 1,000 miles of existing levees construction activities.

would be strengthened. Where new levees Long-Term Impacts Compared to Existing
are built they will have two purposes; Condition Rehabilitated levees will occupy
reduction in risk of flooding and creation of more space than the existing levees. Ten to
wildlife habitat. Some islands or parts of fifteen thousand acres of agricultural land
islands would be flooded to control land would be consumed by rehabilitation of
subsidence. This would provide levees. The conversion of land from
opportunities for habitat restoration. The agricultural cropland to levee would reduce
lands needed for the levee system integrity the emission of soil particles, nutrients,
program are currently used for agriculture, natural organic matter and pesticides to the

waters of the Bay-Delta system. EvaporationThe construction of setback levees and the
rates would decrease and consequently soflooding of lands for subsidence control
would salt concentrations in the adjacentwould occur in concert with some elements
delta channels. Levee rehabilitation wouldof the Ecosystem Restoration Program. The result in minor beneficial changes in waterimpacts of setback levee construction and

flooding for subsidence control are a part of quality in adjacent waterways but would have
little effect on regional water quality or waterthe impacts of the Ecosystem Restoration

Program as described above. They are not quality at the water supply intakes.

reiterated here to avoid double counting of Although the Levee System Integrity
impacts. The impacts of the remaining parts Program would have little effect of water
of the Levee System Integrity Program, quality under normal conditions it would
strengthening existing levees by armoring reduce the risk of a sudden and severe
them, and increasing their height and bulk are adverse change in water quality in the event
described below, of levee failure. When levees collapse and

islands are flooded in the western Delta, saltDirect Short-Term Impacts Levee
water from San Francisco Bay movesrehabilitation would involve large-scale

construction operations affecting upstream. During periods of low river flow,

considerable areas of land and water, salt water may penetrate far into the delta

Construction activities in or immediately making Delta waters unsatisfactory, or an

adjacent to waterways could increase local extreme case, unusable for agricultural and
municipal water supply. This is the primarywater turbidity and, depending on the source
water quality benefit of the Levee System

of the material used for levee construction,
could cause the release of nutrients, natural Integrity Program.

¯ organic matter and toxicants into the water Direct Long-Term Impacts Compared to No
column. Even assuming that construction Action Condition The direct long-term
CALFED Bay-Delta Program D:\\oakl\waste\calfed~wqualityk008-1 .wpd~24-Aug-97~
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impacts compared to the No Action sentiment that favors efficient water use, and
Condition would be similar to those economics. The Water Use Efficiency
compared to the existing condition. The Program would further encourage and
changes in emission of various substances facilitate efficient water use. Practices to be
attributable to the conversion of agricultural encouraged include reductions in losses from
lands to levee would be the same. water systems, adoption of efficient water
Concentrations of substances in delta waters management practices by agriculture,
would be slightly altered because of the implementation of urban best management
different flow regime prevailing under the No practices for water conservation, increased
Action Condition. wastewater reuse, and market-driven water

Indirect Impacts There would be no indirect transfers.

impacts of the Levee System Integrity Although the precise actions that local
Program. agencies would take in response to the water

Potentially Significant Impacts/Mitigation use efficiency program cannot be defined,
- their outcome can be. It is estimated thatMeasures Because of their relatively large

current trends toward water use efficiencyscale, the construction activities associated
would be accelerated by the influence of thewith levee rehabilitation could have a

significant adverse effect on water quality. CALFED program such that municipal and

However, if construction methods are chosen
industrial demand could be reduced by 10 to

to minimize adverse environmental impacts 20% compared to current demand, and 1 to 2

and conventional construction mitigation MAF of municipal wastewater could be

measures are adopted, adverse changes in recycled. For the purpose of analysis it was

water quality are judged to be less-than- assumed that one-half of the increase in water
use efficiency is attributable to the CALFEDsignificant because they are temporary,
Water Use Efficiency Program. Agriculturalreversible and local.
water use would also become more efficient

There would be no significant long-term but saved water would be used on under-
adverse impacts on water quality. The irrigated lands or to reduce groundwater
reduction in risk of a sudden adverse change overdraft. It is assumed here that little water
in water quality attributable to levee failure saved by agriculture would return to the
would be a significant benefit, system to support other beneficial uses.

Water Use Efficiency Program Direct Short-Term Impacts Some facility

The water use efficiency program differs construction would be needed to increase

from other components of the CALFED water use efficiency. Wastewater

project in that it does not consist of specific reclamation plants would be built, leaking
actions. Instead, it is primarily concerned irrigation canals would be repaired and

with establishing and implementing policies inefficient irrigation systems would be

which would encourage municipal water replaced by more efficient systems. All these

agencies and irrigators to take actions which construction activities would increase local
would increase the efficiency’ of water use. water turbidity levels but would have no

Many water users are already increasing the effect on regional water quality.

efficiency of their water use in response to Direct Long-Term Impacts Compared to
growing water shortages, public policy and Existing Condition If the Water Use
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Efficiency Program could be immediately would still decline slightly, relative to the
implemented average annual withdrawal rates existing condition.
of water from the Delta would decrease by 5 Indirect Impacts There would be no indirect
to 10 % compared to the existing condition; impacts of the Water Efficiency Program.
5.9 to 6.9 MAF are currently diverted by the
CVP and the SWP. In effect, this would be Potentially Significant Impacts/Mitigation
an approximate reversion to 1990 conditions; Measures The Water Use Efficiency
diversion of water from the Delta only Program would have no significant adverse
exceeded 6 MAF once before 1990. The environmental impacts. The program would
reduction in withdrawals would result in provide modest water quality benefits which
slightly improved Delta water quality in would be overtaken by the adverse effects of
normal years and considerably improved population growth and increased water
water quality in dry and very dry years, diversion on water quality by the year 2020

unless further actions to curtail water use are
Reduced water use would result in a decrease taken.
in the volume of municipal, industrial and
agricultural wastewater discharges. But the Combined Impacts Of All Common
mass load of pollutants from these sources Programs
would not change greatly, and so there would Direct Short-Term Impacts The elements of
be little change in water quality as a result of the common programs that involve
the diminished discharges. In water bodies construction would have short-term adverse
where municipal, industrial or agricultural impacts on water quality that are judged to be
wastewater represents a substantial less-than-significant because they would be
proportion of stream flow, concentrations of localized and temporary. This conclusion is
parameters of concern could increase by up to reached assuming the implementatiol, of
10%. mitigation measures during construction
Direct Long-Term Impacts Compared to No which would limit the discharge of sediments
Action Condition Under the No Action and prohibit the use of contaminated dredge
Alternative water withdrawals from the Delta spoils as levee construction material in cases
would increase to an annual average of 7.1 to where toxic substances could enter the water
7.6 MAF in 2020. Water quality in the Delta column.
would deteriorate slightly between 1997 and Direct Long-Term Impacts Compared to
2020 as a result of increased withdrawals Existing Condition The long-term impacts of
with the greatest effects felt in the South the the common programs compared to the
Delta in dry years. The salinity of waters existing conditioia are summarized in Table
diverted at the SWP and CVP pumps would 2-1. Common program actions would
increase by 15 % or less. Implementation of generally produce a modest improvement in
the Water Efficiency Program would result in in-stream water quality in various parts of the
annual average Delta diversions of Bay-Delta system. Fairly significant benefits
approximately 6.6 MAF in 2020. Thus, with could be produced by the actions to reduce
the Water Efficiency Program in place, water the emission of metals from abandoned mines
quality in the Delta in 2020 would be better and pesticide discharges from agricultural
than under the No Action Alternative, but it lands in the San Joaquin Valley and the

Delta.
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TABLE 2-1

LONG-TERM IMPACTS OF COMMON PROGRAMS ON
IN-STREAM WATER QUALITY COMPARED TO EXISTING CONDITIONS

Ecosystem Water Quality Levee Stability
Water Use Combined

Restoration Efficiency

Metals 0 2 0 1 2

Selenium 0 1 0 1 1

Natural Organics +1 or-1 0 1 1 +1 or-1

Salinity - 1 0 1 1 - 1

Nutrients 1 I 1 1 1 ¢q

Turbidity 1 0 1 0 1 O~

Pesticides 1 2 1 1 2 �O

Microbes 1 0 0 0 1 0

Temperature 1 0 0 1 1 I

2= significant improvement in water quality at some locations for some months
1 = some improvement in water quality at some locations for some months
0= little or no chang~

-1 = some deterioration in water quality
-2= significant deterioration in water quality

x:~dfed~impact-r~S9634.020 Tbl 2-1 2--8



Collectively, the common programs would San Joaquin Valleys and within the Delta
have no significant long-term adverse effects itself. Potential groundwater storage sites are
on water quality with the following possible located in the Sacramento and San Joaquin
exception. The element of the Ecosystem Valleys and in the Mojave River basin.
Restoration Program that involves the New conveyance facilities would be needed
creation of new shallow water and wetland to move water into new and enlarged storage
habitat may increase the the emission of DOC facilities and to release it back to streams and¯ to Delta waters. In this occurs, it could make canals. They would also be needed to make
waters in parts of the Delta less suitable as a movement of water through the Delta more
source of raw drinking water supply. The efficient. Conveyance improvements in the
cost of municipal water treatment for parts of Delta could include an isolated cross-Delta
the SWP and CVP service areas would be canal or expansion of existing Delta
increased, channels. Most of the conveyance facilities
Direct Long-Term Impacts compared to No- would be canals, although a few tunnels may
Action-Condition The long-term impacts of be needed.
the common programs compared to the No- Storage
Action-Condition would be similar to those
compared to the existing condition. Direct Short-Term Impacts: Direct short-
However, some of the benefits of the term impacts on water quality will result from
common programs associated with water reservoir construction activities. Most of the
conservation and control of pollutant impacts will be associated with ground
emissions from urban stormwater and disturbance and will consist of increases in
wastewater discharges, would be offset by the erosion rates. The extent of ground
effects of urban growth, unless action was disturbance will depend on the type of dam
taken to strengthen regulation between 1997 construction employed and the need for
and 2020. construction of new roads to access the

reservoir sites. Concrete dams are less
2.3 ENVIRONMENTAL massive than earthfd_l dams and consequently

IMPACTS OF STORAGE less material must be excavated to build
AND CONVEYANCE them.
COMPONENTS Excess sediment could be discharged to

The three alternatives developed by CALFED streams as a result of construction activities

include different combinations of water directly in streams, and as a result of

storage and conveyance. The exact precipitation falling on exposed soils.

characteristics and locations of these facilities Construction of dams and related facilities

are not yet known. However, sufficient will occur ahnost completely in dry

information is available to enable a "program conditions. When a dam is built on a stream,

level" analysis. The storage facilities consist the stream is typically diverted around the

of new on-stream and off-stream surface active construction area. Also, for practical

* reservoirs, enlargements of existing surface reasons, much of the ground disturbing
earthwork is scheduled for the dry season.reservoirs and new groundwater storage
Increased rates of soil erosion are likely to

, projects. Potential sites for surface storage
facilities are located in the Sacramento and occur during the rainy season in areas that
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have been disturbed by construction, but the downstream reduced compared to pre-project
increase can be limited by various commonly conditions.
applied construction impact mitigation Depending on the design of the reservoir
measures. The mitigation measures include outlet facilities, the dissolved oxygen content
grading to avoid concentration of water flow, of released water could be less than that of
the use of silt fences and hay bails to slow pre-reservoir stream water. Conversely, when
and filter stormwater runoff, and the the reservoir is spilling, water may become
revegetation of disturbed soil surfaces. supersaturated with oxygen and nitrogen.
Direct Long-Term Impacts: Storage of water High levels of dissolved nitrogen can be
in reservoirs may affect water quality in a injurious to fish.
number of ways. The reservoir pool will During periods when unimpaired stream flow
inundate previously dry lands. Depending on would be low, the release of water from
geologic characteristics, trace elements in reservoirs, could substantially reduce water
submerged soils and rocks may be mobili~.ed, temperatures in downstream river reaches.
particularly in the deeper parts of the Water released from reservoirs will be
reservoirs where dissolved oxygen initially cooler than unimpaired stream
concentrations may become depressed, waters, and will remain cooler due to the
Mercury is present in some parts of the greater volume of flow.
Central Valley. If anaerobic conditions occur
in the bottom sediments of reservoirs, methyl The release of water down the Sacramento
mercury, a biologically available form of and San Joaquin Rivers during low flow
mercury, may be formed as a result of periods will improve water quality in the fiver
bacterial action. The risk of creation of and the Delta. Pollutants discharged by
anaerobic conditions can be reduced by cities, industries and agriculture will be
clearing vegetation from the inundation area diluted and in-stream pollutant concentrations
before the reservoir is filled, reduced. Saline water entering the Delta from

San Francisco Bay will be repelled.
New or enlarged reservoirs will typically Improved Delta water quality will benefit
store abundant spring flows for later release water users in the SWP and C.VP service
and use in dry months or years. On- and off- areas by reducing the concentrations of salt
stream reservoirs will alter the hydrology of and THM precursers in the diverted water.
the stream below the dam. Springtime flows Off-stream reservoirs withdrawing and
will be reduced compared to unimpaired releasing water to the California Aqueduct
flows and flow in naturally dry periods will and the Delta-Mendota Canal would benefit
be increased. Because reservoirs trap water users by reducing the need to draw
sediment the total suspended solids content of water from the Delta when water quality is
water released into the downstream channel less than ideal.
will be less than the total suspended solids
content of stream water prior to reservoir Conveyance
construction. The reduction in sediment load Direct Short-Term Impacts Direct short-term
will be greatest in high flow conditions, impacts on water quality will result from
Nutrients and organic carbon associated with tunnel and canal construction activities. Most
particulates may also be trapped in the of the impacts will be associated with ground
reservoir and their concentrations disturbance and will consist of increases in

CALFED Bay-Delta Program D:\\oakl\waste\calfed~wq ualityk008-1 .wpd~2.4-Aug-97k
Water Quality Impacts Technical Report

2-10

C--003984
C-003984



erosion rates. The extent of ground stormwater runoff, and the revegetation of
disturbance will depend on the type of disturbed soil surfaces. Even assuming the
construction employed and the need for application of these mitigation measures,
construction of new roads to access the tunnel some increases in water turbidity in streams
and canal sites. All conveyance components near construction sites can be expected.
would be canals or natural waterways except Ground disturbance associated with tunnels
for a few tunnels including a tunnel under the would be limited to a few acres in the vicinity

¯           western Delta which is a part of a western
of the tunnel portals and at the spoils disposal

Delta isolated facility alternative. sites. The disposal of tunneling spoils could
Construction of isolated canals would involve have implications for water quality. Broken
ground disturbance along the entire length of rock obtained from subsurface strata may
the canal. Most construction activities could contain metals that can be mobili~.ed when
occur in dry conditions away from waterways, rocks come into contact with precipitation.
Exceptions would occur at locations where a Metals could then drain to streams and rivers
canal must cross,a stream. In most cases, just as they do from abandoned mining sites.
small streams and drainageways would be The risk of contamination from this source
temporarily diverted around construction could be reduced by testing the spoils and
activities. Because the Delta region is fiat, requiring special disposal procedures if there
siphons would be needed to carry canals is a potential for water pollution. Special
under large waterways, or small drainageways disposal procedures might include depositing
under canals. Siphon construction would spoils away from watercourses and covering
involve placement of cofferdams within spoils to prevent infiltration of precipitation.
flowing streams which would cause increases

Direct Long-Term Impacts The direct long-
in water turbidity, term impacts of conveyance facilities cannot
Expansion of existing canals or other be separated from the impacts of the
waterways would probably involve some alternatives they form a part of. They are
construction in flowing water. If canals are discussed in Sections 2.5, 2.6 and 2.7 of this
expanded by construction of setback levees summary.
and abandonment of the existing levees the 2.4 ENVIRONMENTALamount of in-water construction activities can
be minimized. IMPACTS OF NO ACTION

ALTERNATIVEFor practical reasons, much of the ground
disturbing earthwork is scheduled for the dry Under the No Action Alternative, the waters
season. Little precipitation-related soil of the Bay-Delta’system would be
erosion would occur during construction but substantially managed as they are today but
increased rates of soil erosion would be likely modified as necessary to comply with the
to occur in disturbed areas during the rainy Central Valley Project Improvement Act.
season following construction. The increase Water storage or conveyance facilities

, in erosion rate can be limited by various currently under construction would be
commonly applied construction impact completed, but no new facilities would be
mitigation measures. They include grading to built. Total annual water withdrawals from

, avoid concentration of water flow, the use of the Delta would increase from the current 5.9
silt fences and hay bails to slow and filter to 6.9 MAF to 7.1 to 7.6 MAF in 2020.
CALFED Bay-Delta Program O:\\oakl\waste\calfed\wqualityk008-1 .wpd~24-Aug-97k
Water Quality Impacts Technical Report

2-11

C--003985
C-003985



Wastewater treatment facilities would be would increase by more than 10% to 20%
expanded to meet the needs of a growing compared to the existing condition.
population but the treatment provided would 2.5 ENVIRONMENTAL IMPACTSremain at current levels. Levees would be
maintained in accordance with current OF ALTERNATIVE 1
practices but no major rehabilitation would be Alternative 1 couples the four common
undertaken, programs with relatively minor conveyance
Direct Short-Term Effects Little construction improvements and some storage to meet
would occur under the No Action Alternative. CALFED’s goals. Existing Delta channels
There would be few direct short-term adverse would be used for water conveyance, and the
environmental effects. Delta pool would continue to be the common

water source for all users. Alternative 1A
Direct Long-Term Impacts Compared to the essentially consists of implementation of the
Existing Condition Water quality in the common program without changes in storage
Delta would gradually deteriorate as water and conveyance. Alternative 1B couples the
diversions from the Delta and urban common program with modifications in the
wastewater and stormwater pollutant load South Delta that are intended to improve
mass emissions in Central Valley increase, circulation, water levels, and water quality in
By 2020, water diversions will increase by that portion of the Delta. Alternative 1C adds
15% and pollutants loads from municipal 5 MAF of storage to Alternative lB.
wastewater treatment plants and urban runoff
will increase by 60%. The salinity of water at The DWRSIM and DWRDSM1 models were
the CVP and SWP pumps would increase by used to simulate the effects of Alternatives
10 % to 20% or more in dry periods. 1A and 1C on water quality in the Delta.

Because Alternative 1B was not modeled it is
Levees would deteriorate increasing the risk discussed only briefly below. In the
of catastrophic failure. Depending on the following discussion of modeling results and
extent of the flooding caused by levee failure, the comparisons of one model run to another,
water quality at the CVP and SWP pumps Alternative 1A is assumed to be essentially
and at other water supply intakes would be similar to the No Action Alternative. In fact,
degraded. In extreme cases, water could be Alternative 1A includes the common program
unusable for municipal and agricultural and the No Action Alternative does not.
supply for months or years. However, the differences between the two are
Indirect Impacts Declining water quality in probably not great enough to substantially
the Delta could cause cities and alter modeling results.
agriculturalists to seek other sources of water. The discussion of the long-term effects of
Development of other sources may adversely each alternative is divided into three parts.
effect ground or surface water at other The first part of the discussion addresses the
locations, effects of the alternatives on the suitablility of
Potentially Significant Impacts/Mitigation Delta waters for water supply. The second
Measures The No Action Alternative would part describes the effects of the alternatives
have significant adverse impacts on water on water quality for protection of aquatic life.
quality. During dry periods the salinity of The third part addresses the effects of water
Delta waters at the SWP and CVP pumps
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storage. The third part is omitted when concentrations of most constituents of
subalternatives do not include storage, concern relevent to the health of aquatic life.

Direct-Short-Term Impacts of Alternatives Fairly significant reductions in metals and

1A, 1B and 1C Under Alternative 1A pesticide concentrations could also occur.

construction activities are limited to those Direct-Long-Term Impacts of Alternative 1B
associated with the common programs. The The effects of Alternative 1B on water quality
short-term impacts of Alternative 1A are the would be similar to those of Alternative 1A.
same as the combined short-term impacts of Direct-Long-Term Impacts of Alternative 1C
the common programs described above in
Section 2.2. Alternative 1B would involve

Compared to Existing Condition

additional construction activities but they Water Supply The effects of Alternative 1C
would be on a relatively small scale. The on the suitability of Delta waters as a drinking
storage components of Alternative 1C would water source would be similar to those
involve large scale construction. A program- Alternative 1A.
level analysis of short-term environmental Aquatic Life The common program would
impacts associated with construction of result in modest beneficial changes in
storage facilities is summarized in Section 2.3 concentrations of most constituents of
above, concern relevent to the health of aquatic life.
Direct-Long-Term Impacts of Alternative 1A Fairly significant reductions in metals and
Compared to Existing Condition pesticide concentrations could also occur.

The conveyance components of Alternative
Water Supply From the point-of-view of 1C would have little effect on the suitability
water supply the common programs would of water quality for aquatic life.
have minor impacts on water quality as
described in an earlier section of this Effects of storage The general long-term
summary. Table 2-2 summarizes the effects effects of storage on water quality are
of Alternative 1A compared to the existing described in Section 2.3 of this summary.
condition with respect to constituents of The specific effects of the 5 MAF capacity
concern relevent to water supply. Alternative storage components of Alternative 1C would
1A would result in a minor reduction in be to further reduce water salinity at the
salinity concentration at the Contra Costa Contra Costa intake during dry years.
intake during some months of dry years Salinity concentrations at Clifton Court
which would produce a minor benefit for Forebay would likely also be reduced. The
municipal and agricultural water users. It increases in bromide concentrations in the
would have an adverse effect on dissolved southern Delta in’dry years as a result of the
organic carbon concentrations at some conveyance components of Alternative 1C
diversion points in wet years and on bromide would be offset to an unknown degree by the
concentrations at all diversion points in dry release of water from storage.
years. Both DOC and bromide are Direct-Long-Term Impacts of Alternative 1C
precursors of potentially harmful by-products Compared to No Action Condition
when municipal water is disinfected.

Water Supply From the point-of-view of
Aquatic Life The common program would water supply the common programs would
result in modest beneficial changes in have minor impacts on water quality as
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TABLE 2-2

WATER QUALITY IMPACTS SUMMARY TABLE
(relative to existing conditions)

Water YearRegion Constituent Location Alternative
Type

i~ ..................... ~i~ .................... ~6 ......... [ .......... ~~ .................... ~~ ..........
Delta

Salinity (TDS) Contra Costa critical 1 ! 2 2 2 1
Clifton Court critical 0 0 1 1 1 2

NBA critical 0 0 0 0 0 0

DOC Contra Costa wet 0 0 0 0 0 -2
Clifton Court wet 0 0 0 0 0 2

NBA wet -1 -1 -1 -1 -1 -1 ¢0

Bromide Contra Costa critical -2 -2 2 2 2 - 1 O’~
Clifton Court critical -2 - 1 - 1 - 1 - 1 2 �~

NBA critical 0 0 0 0 0 0

code: 2: significant improvement in water quality for most months ~

1: some improvement in water quality over some months
0: comparable water quality
- 1: somewhat poorer water quality over some months
-2: significantly poorer water quality for most months

xAealf~m’~impaet-r~S9634.020 Tbl 2-2                                                                                                                                                                                  2- ]. ~-~



described in an earlier section of this five options within the alternative involve
summary. Table 2-3 summarizes the effects four conveyance configurations and three
of Alternative 1C compared to the No Action storage configurations.
Condition with respect to constituents of Alternative 2A would include a new intake at
concern relevent to water supply. Alternative Hood on the Sacramento River and several
1C would result in a minor reduction in channel improvement projects designed to
salinity concentration in the southern Delta increase the efficiency of water conveyance
during some months of dry years which through the Delta. Alternative 2B is the
would produce a minor benefit for municipal same as Alternative 2A except that it includes
and agricultural water users. It would have up to 6 MAF of new water storage.
no effect or a minor beneficial effect on Alternative 2C would include several new
dissolved organic carbon concentrations in diversion points for the CVP and the SWP
wet years and on bromide concentrations in and up to 100,000 acre-feet of in-Delta
dry years at some diversion points, storage. Alternative 2D would include
Aquatic Life The common program would similar through-Delta conveyance
result in modest beneficial changes in improvements as Alternatives 2A and 2B but
concentrations of most constituents of would also include an intertie between the
concern relevant to the health of aquatic life, CVP and SWP pumping plants and a barrier
although some of the beneficial changes that can be raised or lowered on the Old
would be offset by the adverse effects of River. Alternative 2E is similar to 2D except
urban growth. Fairly significant reductions in that the new intake at Hood is replaced by
metals and pesticide concentrations could improved channel conveyance at Tyler Island.
also occur. The conveyance components of

The DWRSIM and DWRDSM1 model was
Alternative 1C v’ould have little effect on the used to simulate the effects of Alternatives
suitability of water quality for aquatic life. 2B, 2D and 2E on water quality in the Delta.
Effects of Storage The general long-term Because Alternatives 2A and 2C were not
effects of storage on water quality are modeled they are discussed only briefly
described in Section 2.3 of this summary, below.
The specific effects of the storage Direct-Short-Term Impacts of Alternatives
components of Alternative 1C would be to 2A, 2B, 2C, 2D and 2E All subalternatives of
further increase the beneficial effects on Alternative 2 would involve large scale
salinity and bromide concentrations at the construction activities. Most of the
Contra Costa intake and Clifton Court construction would occur within the Delta
Forebay that are attributable to the except for the st6rage components of
conveyance components of the alternative. Alternative 2B. A program-level analysis of
2.6 ENVIRONMENTAL short-term environmental impacts associated

IMPACTS OF ALTERNATIVE 2 with construction of conveyance and storage
facilities is summarized in Section 2.3, above.

Alternative 2 combines the common program
" with major physical modifications to channels Direct-Long-Term Impacts of Alternative 2A

to improve water conveyance across the The effects of Alternative 2A on water quality

¯ Delta. The Delta pool would continue to be would be similar to those of Alternative 2B

the common water source for all users. The described below with the exception of the
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TABLE 2-3

WATER QUALITY IMPACTS SUMMARY TABLE
(relative to no action conditions)

Water Year
Region Constituent Location Type

Alternative

.......... ¯ ix .........l ..........i~ .........I ...........~~ ..........T .........~ ....................~~ ...................~~ .........
Delta

Salinity (TDS) Contra Costa critical N/A ! 2 2 2 -1
Clifton Court critical N/A 1 2 2 2 2

NBA critical N/A 0 0 0 0 0

DOC Contra Costa wet N/A 1 0 0 0 -2
Clifton Court wet N/A 1 0 0 0 2

NBA wet N/A 0 0 0 0 0 ~

Bromide Contra Costa critical N/A 1 2 2 2 2 O’~
Clifton Court critical N/A 1 1 1 1 2

NBA critical N/A 0 0 0 0 0
�~

I

code: 2: significant improvement in water quality for most months
1: some improvement in water quality over some months
0: comparable water quality
-1: somewhat poorer water quality over some months
-2: significantly poorer water quality for most months

x:~atlfed~impact-~S9634.020 Tbl 2-3 2-- 16



effects attributable to the storage components Alternative 2B on bromide concentrations at
of Alternative 2B. Clifton Court Forebay in dry years may be

offset to an unknown degree by the effects ofDirect-Long-Term Impacts of Alternative 2B
water released from storage., ..Compared to Existing Condition

Water Supply From the point-of-view of Direct-Long-Term Impacts of Alternative 2B

water supply the common programs would Compared to No Action Condition
¯ have minor impacts on water quality as Water Supply From the point-of-view of

described in an earlier section of this water supply the common programs would
summary. Table 2-2 summarizes the effects have minor impacts on water quality as
of Alternative 2B compared to the existing described in an earlier section, of this
condition with respect to constituents of summary. Table 2-3 summarizes the effects
concern relevent to water supply. Alternative of Alternative 2B compared to the No Action
2B would result in a significant reduction in Condition with respect to constituents of
salinity concentration at the Contra Costa concern relevent to water supply. Alternative
intake and a modest reduction in salinity 2B would result in significant reductions in
concentration at Clifton Court Forebay during salinity concentration at Clifton Court
some months of dry years. It would also Forebay and at the Contra Costa intake and
significantly reduce bromide levels at the significant reductions in bromide
Contra Costa Canal Intake. This would concentrations at the Contra Costa intake
produce a significant benefit for municipal during some months of dry years. This would
and agricultural water users. It would have an produce a significant benefit for municipal
adverse effect on DOC concentrations at and agricultural water users. It would
Clifton Court Forebay and the North Bay havelittle effect on dissolved organic carbon
Aqueduct diversion in wet years and on concentrations at all diversion points.
bromide concentrations at Clifton Court Aquatic Life The common program would
Forebay in dry years, result in modest beneficial changes in
Aquatic Life The common program would concentrations of most constituents of
result in modest beneficial changes in concern relevent to the health of aquatic life.
concentrations of most constituents of Some of the beneficial changes would be
concern relevent to the health of aquatic life. offset by the adverse effects of urban growth.
Fairly significant reductions in metals and Fairly significant reductions in metals and
pesticide concentrations could also occur, pesticide concentrations could also occur.
The conveyance components of Alternative The conveyance components of Alternative
2B would have little effect on the suitability 2B would have lfttle effect on the suitability
of water quality for aquatic life. of water quality for aquatic life.

Effects of Storage The specific effects of the Effects of Storage The specific effects of the
storage components of Alternative 2B would storage components of Alternative 2B would
be to further reduce salinity concentrations at be to further reduce salinity and bromide

" Clifton Court Forebay and the Contra Costa concentrations at water supply intakes in dry
intake and bromide concentrations at the years.
Contra Costa intake in dry years. The adverse

Direct Long-Term Impacts of Alternative 2C°            effects of the conveyance components of Water Supply Alternative 2C is substantially
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different from the other subalternatives of Water Supply From the point-of-view of
Alternative 2. Because it was not modeled it water supply the common programs would
is difficult to assess its impact on water have minor impacts on water quality as
quality at the water supply diversion points, described in an earlier section, of this
However, it would be expected that water summary. Table 2-3 summarizes the effects
quality at the CVP and SWP diversions of Alternative 2D compared to the No Action
would improve relative to the existing Condition with respect to constituents of
condition and the No Action Condition concern relevent to water supply. Alternative
because the alternative would enable 2D would result in significant reductions in
switching between diversion points to take salinity concentration at Clifton Court
advantage of the best water quality available Forebay and at the Contra Costa intake and
in the southern Delta. significant reductions in salinity and bromide

Direct Long-Term Impacts of Alternative 2D concentrations at the Contra Costa intake

Compared to Existing Condition
during some months of dry years. This would
produce a significant benefit for municipal

Water Supply From the point-of-view of and agricultural water users. It would have
water supply, the common programs would no effect or a minor beneficial effect on
have minor impacts on water quality. Table dissolved organic carbon concentrations at all
2-2 summarizes the effects of Alternative 2D diversion points.
compared to the existing condition with
respect to constituents of concern relevant to Aquatic Life The common program would

result in modest beneficial changes inwater supply. Alternative 2D would result in
concentrations of most constituents ofsignificant reductions in salinity and bromide
concern relevent to the health of aquatic life.at the Contra Costa intake and modest
Some of the beneficial changes would bereductions in salinity at Clifton Court
offset by the adverse effects of urban growth.Forebay. It would have little effect on DOC

concentrations.
Fairly significant reductions in metals and
pesticide concentrations could also occur.

Aquatic Life The common program would The conveyance components of Alternative
result in modest beneficial changes in 2D would have little effect on the suitability
concentrations of most constituents of of water quality for aquatic life.
concern relevent to the health of aquatic
life.Fairly significant reductions in metals and Effects of Storage The specific effects of the

storage components of Alternative 2D wouldpesticide concentrations could also occur.
be to further reduce salinity and bromideThe conveyance components of Alternative

2B would have little effect on the suitability concentrations at. water supply intakes in dry

of water quality for aquatic life. years.

Direct Long-Term Impacts of Alternative 2EEffects of Storage The specific effects of the
2MAF capacity storage components of Compared to Existing Condition

Alternative 2D would be to further improve Water Supply From the point-of-view of
water quality in the southern Delta in dry water supply, the common programs would
years, have minor impacts on water quality. Table

2-2 summarizes the effects of Alternative 2E
Direct Long-Term Impacts of Alternative 2D ,
Compared to the No-Action-Condition

compared to the existing condition with
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respect to constituents of concern relevant to Alternative 3B is the same as Alternative 3A
water supply. Alternative 2E would result in except that it includes up to 6.7 MAF of new
significant reductions in salinity at the Contra water storage. Alternative 3C is similar to
Costa intake and Clifton Court Forebay and Alternative 3A except that the open channel
in bromide concentrations at the Clifton isolated facility is replaced with a pipe.
Court intake in dry years. It would have an Alternative 3D is identical to Alternative 3C
adverse effect on DOC concentrations at except for the addition of up to 6.7 MAF of
Clifton Court Forebay and the North Bay surface and groundwater storage. Alternative
Aqueduct in wet years. 3E is similar to 3B except that the capacity of

the open channel is increased to 15,000 cfs.Aquatic Life The common program would
result in modest beneficial changes in Alternative 3H is similar to 3B with the

concentrations of most constituents of inclusion of a Mokelumne River Floodway

concern relevent to the health of aquatic life. along North Fork of the River.

Fairly significant reductions in metals and The DWRSIM and DWRDSM1 models were
pesticide concentrations could also occur, used to simulate the effects of Alternatives 3E
The conveyance components of Alternative on water quality in the Delta. Because
2E would have little effect on the suitability Alternatives 3A, 3B, 3C, 3D and 3H were not
of water quality for aquatic life. modeled they are discussed only briefly

below.Effects of Storage The specific effects of the
5.5MAF capacity storage components of Direct-Short-Term Impacts of Alternatives
Alternative 2E would be to further reduce 3A, 3B, 3C, 3D, 3E and 3H All
salinity and bromide concentrations in the subalternatives of Alternative 3 would
southern Delta. involve large scale construction activities.

Most of the construction would occur within2.7 ENVIRONMENTAL the Delta except for the storage components
IMPACTS OF of Alternative 3B, 3D, 3E, and 3H. A
ALTERNATIVE 3 program-level analysis of short-term

Alternative 3 combines the common program environmental impacts associated with
construction of conveyance and storagewith major physical modifications to improve

water conveyance across the Delta. In this facilities is summarized in Section 2.3, above.

alternative a dual conveyance concept Direct-Long-Term Impacts of Alternative 3A
incorporating an isolated facility is proposed. The effects of Alternative 3A on water quality
The six options within the alternative involve would be qualitatively similar to Alternative
two conveyance configurations consisting of 3E. However, Alternative 3E represents a
open channel or pipe isolated facilities. Two 15,000 cfs isolated facility and therefore
storage options are considered, one with represents an upper bound case, whereas
minimal additional storage and one with up to Alternative 3A includes a 5,000 cfs isolated
6.7 MAF added storage, facility. The effects of reduced conveyance

size would be to convey a greater portion ofAlternative 3A would include a new intake at
the Sacramento River inflow into the LowerHood on the Sacramento River and a 5,000
Sacramento River and Central Delta, which incfs open channel isolated facility located
general would tend to improve water qualityalong the eastern side of the Delta. in those areas.
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Direct Long-Term Impacts of AltematiVe 3B DOC concentrations at the Contra Costa
Water Supply Alternative 3B has similar Canal Intake and would improve DOC water
conveyance features to Alternative 3A but quality at the Clifton Court Forebay.
includes up to 6.7 MAF of additional surface Aquatic Life The common program would
and subsurface storage. The general effects result in modest beneficial changes in
of up to 6.7 MAF in additional storage would concentrations of most constituents of
be to reduce salinity intrusion into the Delta concern relevant to the health of aquatic life.
and improve overall water quality at some Fairly significant reductions in metals and
water supply intakes, pesticide concentrations could also occur.
Direct Long-Term Impacts of Alternative 3C The conveyance components of Alternative
Water Supply Alternative 3C is identical to 3E would have little effect on the suitability
Alternative 3A but incorporates a pipe rather of water quality for aquatic life.
than an open channel for the 5,000 cfs Effects of Storage The specific effects of the
isolated facility. In terms of water quality, this storage components of Alternative 3E would
difference in design should have little effect,

be to further reduce salinity and bromide
Direct Long-Term Impacts of Alternative 3D concentrations at the Clifton Court Forebay
Water Supply Alternative 3D has similar and Contra Costa intake. The adverse effects
conveyance features to Alternative 3C but of the conveyance components of Alternative
includes up to 6.7 MAF of additional surface 3E on DOC concentrations at the Contra
and subsurface storage. The general effects Costa Intake may be offset to an unknown
of up to 6.7 MAF in additional storage would degree by the effects of water released from
be to reduce salinity intrusion into the Delta storage.
and improve overall water quality at some Direct-Long-Term Impacts of Alternative 3E
water supply intakes.                       Compared to No Action Condition

Direct-Long-Term Impacts of Alternative 3E Water Supply From the point-of-view of
Compared to Existing Condition water ~upply the common programs would
Water Supply From the point-of-view of have minor impacts on water quality as
water supply the common programs would described in an earlier section, of this
have minor impacts on water quality as summary. Table 2-3 summarizes the effects
described in an earlier section of this of Alternative 3E compared to the No Action
summary. Table 2-2 summarizes the effects Condition with respect to constituents of
of Alternative 3E compared to the existing concern relevant to water supply. Alternative
condition with respect to constituents of 3E would result in significant reductions in
concern relevant to water supply. Alternative salinity, DOC, and bromide at Clifton Court
3E would result in a minor reduction in Forebay and significant reductions in bromide
salinity concentration at the Contra Costa at the Contra Costa intake. This would
intake and a significant reduction in salinity produce a significant benefit for some
concentration at Clifton Court Forebay, municipal and agricultural water users.
especially during some months of critically Alternative 3E is also projected to increase
dry years. This would produce a significant DOC concentrations at the Contra Costa
benefit for municipal and agricultural water Canal Intake.
users. It would have an adverse effect on
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Aquatic Life The common program would
result in modest beneficial changes in
concentrations of most constituents of
concern relevant to the health of aquatic life.
Some of the beneficial changes would be
offset by the adverse effects of urban growth.
Fairly significant reductions in metals and

° pesticide concentrations could also occur.
The conveyance components of Alternative
3E would have little effect on the suitability
of water quality for aquatic life.

Effects of Storage The specific effects of the
storage components of Alternative 3E would
be to further reduce salinity and bromide
concentrations at water supply intakes in dry
years. Releases from additional storage may
also reduce DOC concentrations at some
water supply intakes.

Direct Long-Term Impacts of Alternative 3H
Water Supply Alternative 3H has similar
conveyance and storage features to
Alternative 3B but includes a Mokelumne
River Floodway which would extend along
the North Fork of the Mokelurnne River. The
floodway would provide additional
conveyance capacity and habitat restoration.
Effects of habitat restoration on water quality
are described under the Common Program
Impacts, Section 2.2.
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3.0 Assessment Methods condition is somewhat artificial because it
assumes instantaneous implementation of the

3.1 GENERAL APPROACH CALFED program alternatives. In fact, it
will take decades to implement the

Analysis of the environmental impacts of the alternatives and so the comparison with the
alternatives is complicated by the fact that the No Action Condition is more realistic and
three alternatives to be analyzed consist of useful than the comparison with the existing
many components, some of which are condition.
common to be more than one alternative.
Also, within each of the alternatives there are 3.2 PREDICTION OF IMPACTS
a number of options which have to evaluated Two methods were used to predict the effects
separately. To facilitate analysis, the three of various actions on water quality. For the
major alternatives were disassembled into common programs, data on pollutant
their component parts. Each component or emissions from various sources, current
action was analyzed separately and its concentrations of contaminants in water
environmental consequences were bodies, and estimated effectiveness of actions
determined. In a final step, the alternatives was used to make a semi-qualitative
were reassembled and their collective assessment of impacts on water quality.
environmental consequences delineated.

Two methods were used to predict the effects
The environmental impacts of the four of various actions on water quality. For the
common programs are described in Chapter common programs, data on pollutant
5. The final section of Chapter 5 describes emissions from various sources, current
the collective impacts of the common concentrations of contaminants in water
programs. In Chapter 6, physical storage and bodies, and the estimated effectiveness of
conveyance facilities are described and their controls, were used to make a semi-
environmental impacts presented. The quantitative assessment of water quality
impacts of the No Action Alternative and the impacts.
three other alternatives are described in
Chapter 7. Here the complete impacts of all The complexity of the storage and conveyance
components of an alternative are described, alternatives and the environment they affect is
The different options within each alternative so great that it is almost impossible to analyse
are also described and their environmental the alternatives without the use of numerical
consequences assessed, models. Numerical models developed by the

Department of Water Resources (DWR) were
Conditions that result from implementation of used to estimate- in-stream concentrations of
the alternatives are compared to two salinity, dissolved organic carbon (DOC) and
conditions, the existing condition and the No bromide, assuming the implementation of
Action Condition. The existing condition is various alternatives. A semi-quantitative
the condition in effect in 1997. The No assessment of the effects of the alternatives on
Action Condition is the condition that will other constituents of concern was made because
exist in 2020 in the absence of the CALFED no other water quality parameters were
program. The comparison with the existing modeled.
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The DWRSIM model was used to simulate the
hydrology of the Sacramento and San Joaquin
basins. The DWRSIM model converts
precipitation information into estimates of
streamflow. The DWRDSM1 model was used
to simulate the hydraulics of the Delta; that is,
the flow and water level in Delta channels. It
was also used to predict salinity, DOC and
bromide concentrations. All model runs were
made for 2020 conditions and include estimates
of water demand for that year. Streamflow
estimates were based on historical precipitation
and flow records for the period from 1976 to
1991. Water diversion at the CVP and SWP
pumping plants was limited to that which can
be abstracted while maintaining compliance
with Delta water quality standards contained in
the San Francisco Bay/Sacramento San Joaquin
Delta Estuary Water Quality Control Plan
(SWRCB, 1995). Detailed assumptions used in
the modeling are described in various reports
and memoranda published by DWR.

It is important to note that the modeling runs
completed to date only simulate the effects of
conveyance improvements: they do not account
for the effects of new storage facilities that are
a part of some of the subalternatives. The
effect of storage can only be assessed
qualitatively.
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4.0 SIGNIFICANCE important beneficial uses, fish and wildlife
proration and enhancement, and the suitability

CRITERIA of Delta waters as a source of raw drinking

The Califomia Environmental Quality Act
water supply.

requires that significant environmental impacts
that cannot be avoided must be identified in an
environmental impact report. Section 15382 of
the CEQA guidelines states that "A significant
effect on the environment is defined as a
substantial, or potentially substantial, adverse
change in the physical conditions which exist in
the area affected by the proposed project
including land, air, water, minerals, flora and
fauna, ambient noise and objects of historic or
aesthetic significance". Social and economic
changes alone are not considered to be
significant effects on the environment unless
they result in significant physical impacts.

In this water technical report a preliminary
assessment of significance has been made
based on the extent of the change of
concentration of a particular substance in a
water body that results from a CALFED
action. Changes have been categorized as
negligible, minor change or moderate change.
A moderate change in concentration is
designated as potentially significant. Because
many of assessments made in this report are
qualitative and at a program level, the
preliminary determination of significance is
subjective, and depends heavily on the
judgment of the technical specialists who
prepared the report.

To make a final determination of significance,
the CALFED teams responsible for ecological
restoration and water supply will review the
information contained in this report. They will
determine whether the predicted changes in
concentrations of certain substances will have
a significant adverse effect on the most
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5.0 Environmental Impacts actions into two categories; those with
minimal impacts on water quality; and thoseof Common Programs with potentially significant impacts. Actions

Four programs will be common to the three were judged to have minimal impacts on

major alternatives. Each program consists of water quality if they do not change the

a number of programmatic actions. The emission rate of pollutants or the
concentration of pollutants in water bodies orprograms include:
if the changes they produce are clearly

Ecosystem Restoration Program This negligible. The results of the screening are
program consists of actions designed to shown in Table 5-1. Actions judged to have
improve habitat and to promote a diverse and potentially significant impacts were analyzed
stable ecosystem in the Bay-Delta system further, as described below, and a

determination made of their significance.Water Quality Program This program
Where an impact is determined to beconsists of actions to reduce or better manage

pollutant loads entering the Bay-Delta system significant, mitigation measures are
suggested. No mitigation measures are

Water Use Efficiency Program This program required when the impacts are judged to be
consists of policies and actions designed to less-than-significant.
increase water use efficiency

The Ecosystem Restoration Program Plan is
Levee System Integrity Program This organized by 14 ecological zones. Ecological
program consists of actions to improve the zones in the Sacramento Valley Region
stability of levees throughout the Delta included the Sacramento River, North
The impacts of each of the four programs are Sacramento Valley, Cottonwood Creek,
analyzed in the following sections. Colusa Basin, Butte Basin, Feather

River/Sutter Basin, American River Basin,
Yolo Basin and the Eastside Delta tributaries.

5.1 ECOSYSTEM RESTORATION
PROGRAM PLAN
The ecosystem restoration program consists
of a series of actions designed to improve the
quality and increase the extent of habitat for
aquatic and terrestrial species in the Bay-
Delta region. The habitat improvements are
intended to support sustainable populations of
diverse and valuable plant and animal
species. The actions are organized by
geographic region.

SACRAMENTO VALLEY REGION

A series of programmatic actions is proposed
for the Sacramento Valley Region. The
programmatic actions are listed in Table 5-1.
An initial screening was conducted to divide

CALFED Bay-Delta Program D:\\oakl\waste\calfed~wqualityk008-1 .wpd~24-Aug-97~
Water Quality Impacts Technical Report

5-1

C--003999
(3-003999



TABLE 5-1

ECOSYSTEM RESTORATION PROGRAM PLAN

PROGRAMMATIC ACTIONS FOR SACRAMENTO VALLEY REGION

Potentially Significant
Impacts on Water

Programmatic Action Magnitude Quality?

1. Restore riparian habitat. 25,000 to 75,000 Yes
acres

2. Provide annual gravel replacement to improve spawning96,000-I61,00 Yes
habitat, tons annually

3. Repair or rehabilitate spawning gravels on Mill and 18-28 miles     Yes
Cottonwood Creeks.

4. Install fencing on Cow Creek to protect riparian vegetation.100,000-150,00 No
linear feet (2-4
acres)

5. Install fish screens on all diversions greater than 250 cfs, and No
two-thirds of all remaining diversions.

6. Upgrade fish passage facilities at Anderson-Cottonwood No
Irrigation District, RBDD, Big Chico Creek, and Lindo
Channel.

7. Prevent straying of adult salmon and steelbead by installing a No
rack at the mouth of G-rover Diversion Canal.

8. Preserve or restore floodplain and existing channel meander 31-40 milesYes
characteristics of Clear, Cottonwood and Stony Creeks.

9. Relocate M&T Diversion from Big Chico Creek to the No
Sacramento River.

10. Reconfigure Folsom Dam shutters to improve management of Yes
Folsom Reservoir’s coldwater pool.

11. Reconfigure Nimbus Dam turbine intakes to improve ability Yes
to regulate temperature of releases.

12. Reduct temperatures in various rivers in Sacramento Basin, Yes
including Sacramento, Feather, Yuba and Bear Rivers

Action 1: Restore Riparian Habitat riparian habitat w.ill be restored on the

Riparian habitat will be restored by providing
Sacramento River. Approximately 200 miles
of riparian corridor will be restored onfavorable conditions for growth of riparian

vegetation, planting vegetation, constructingSacramento River tributaries, Mill and Deer
creeks and Cottonwood Creek.setback levees, acquiring conservation

easements, modifying grazing and land Direct Short-Term Impacts: Some of the
management in riparian zones, modifying riparian habitat will be created by
programs that remove woody debris from constructing new levees behind the existing
river channels, constructing artificial river levees. Once new levees are in place the
channels, and controlling invasive exotic existing levees will be breached and then
plants. Between 16,000 and 24,000 acres of allowed to gradually erode. The impacts of
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levee construction will depend on the method and suspended sofids content. Dredged spoils
of construction and the nature of the materials generated by levee construction or excavated
used. In most cases, material will have to be spoils resulting from artificial river channel
imported for levee construction. Because the construction may contain low concentrations
source of material is uncertain the impacts of various toxic substances. Because the new
associated with its excavation at the source levees will be built in the dry and the artificial
are not discussed here. channels will be constructed outside of active

" Levee construction methods will vary. It is stream channels these substances will not be
released directly to the aquatic environmentlikely that in most cases levee construction

materials will arrive at the site by barge, during construction. Some solubilization of

Materials may be unloaded by clamshell and toxic substances could occur when the new

put in place using earthmoving equipment. If levees come into contact with Delta waters.

the water-content of the materials is high they Direct Long-Term Impacts Compared To
may be pumped into place. In some cases, Existing Condition: The action includes three
where channel dredging and levee activities (improving growth of riparian
construction are occur in the same location, vegetation, planting vegetation, and acquiring
materials may be pumped into place using a conservation easements) that could
suction dredge, potentially affect concentrations of

constituents of concern. Changes in emission
Because levee construction will generally
occur in dry conditions rather than within rates of metals, and trace elements are

waterways, adverse effects on water quality expected to be negligible and are not

will be relatively minor. If materials with a discussed further. Changes in other water

high water content are used to construct the quality parameters of concern are discussed
below.levees it is likely that any excess water will be

directed to evaporation ponds rather than Temperature - Changes in water temperature
being discharged to the delta channels. The depend upon how much heat is received by a
new levees will be compacted, armored if water body and the volume of water to be
necessary, and seeded. Minor and localized heated. Heat can be lost or gained by a
increases in water turbidity can be expected variety of mechanisms, however direct solar
when the new levees are first exposed to radiation influences stream temperatures
water. Depending on the source of the more than evaporation, condensation,
construction materials there could also be conduction, and convection. The
minor and localized increases in water maintenance of water temperature is largely
salinity. Any adverse effect on turbidity dependent upon the quantity and quality of
could be reduced by allowing vegetation to shade producing vegetation. Planting and
become established on the new levees before improving the conditions for growth of
breaching the existhag levees. When water riparian vegetation will create more shade-
first enters the area behind the old levees, producing vegetation and lower water
nutrients may be released which could cause temperatures. Lowered water temperatures

° algae blooms, would be most apparent within its stream

Construction of new levees and artificial river reaches with restored riparian corridors.
Water temperatures would rise when they are¯ channels will have minor effects on

constituents of concern other than turbidity
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again exposed to slow radiation in will be emitted. It is not known whether the
downstream river reaches, emission or organic matter from

matureriparian zones will exceed that of theDissolved Oxygen - The solubility of oxygen
in water is directly related to water agriculture lands they will replace.

temperature. Oxygen solubility increases Pesticides - Rice is a major crop grown in the
with decreasing water temperature. Water Sacramento Valley; as many as 500,000 acres
temperatures will decrease when shade- are harvested each year (Central Valley
producing riparian vegetation is established Regional Water Quality Control Board,
and as a result the dissolved oxygen level will 1991). The ricefields are flooded with
increase. The increase in dissolved oxygen irrigation water from the Sacramento River a
due to the temperature reduction may be few days before seeding in April or May.
offset somewhat by a decrease in dissolved Pesticides may be incorporated into the soil
oxygen due the decomposition of organic before flooding or applied by air after
matter emitted from the riparian zone. flooding and seeding. Field water returned to

the Sacramento River through the ColusaNatural Organic Matter - Action 1 includes
Basin Drain can contain rice pesticides. Theacquiring conservation easements. It is
maximum contribution of ricefield dischargeassumed that some of the conservation
to the total flow of the Sacramento River iseasements will involve conversion of
about 30 percent (SWRCB, 1994).agricultural land adjacent to stream channels

to riparian habitat. Agricultural lands Several pesticides are applied to rice in the
bordering stream channels within the Sacramento Valley; however three pesticides
Sacramento Valley Region are separated from of concern for water quality are molinate,
the stream channels by levees. Runoff and carbofuran, and thiobencarb. These
agricultural drainage water is pumped over pesticides are of concern because of their
the levees and into stream channels. The potential adverse effects on striped bass
organic matter in the runoff and drainage larvae in the Sacramento River. The striped
return water is present in both dissolved and bass spawn between early May and mid-June,
particulate form and is probably attributable the time of greatest rice field drainage.
to wash off of organic matter from soils and In 1990, the quantity of molinate (1,492,300
crop residues, and from aquatic plants lbs) used on rice in the Sacramento Valley
growing in the drainage ditches. Conversion was more than 15 times greater than the
of land from agriculture to riparian will quantity of carbofuran (88,240 lbs) or
change the rate and type of organic matter thiobencarb (95,830 lbs) (California
inputs into stream channels. The organic Department of P~sticide Regulation, 1990).
matter inputs will change from that derived Samples taken from the Colusa Basin Drain
primarily from soils and crop residues to during May, June and July of 1990, 1991, and
organic matter derived from trees, terrestrial 1992 showed that the maximum
herbaceous, and aquatic herbaceous concentrations of pesticides decreased each
vegetation within the riparian zone. Initially, year as a result of a control program
organic matter inputs from the riparian zone implemented by rice growers in cooperation
will be less than the existing inputs from the with regulatory agencies (Crepeau et al.,
agricultural land, but as riparian biomass 1994). The maximum concentration of
increases a greater amount of organic matter molinate in the Colusa Basin Drain decreased
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from 51 V g/1 in 1990 to 14.9 ~t g/1 in 1991 to conversion of agricultural lands to riparian
4.1 lag/1 in 1992. Carbofuran concentrations habitat will be the same.
decreased from 1.1 ~tg/1 in 1990, to 0.308 ~g/1 Indirect Impacts: Action 1 will produce no
in 1991, to 0.2 t.tg/1 in 1992. Thiobencarb indirect adverse or beneficial impacts on
was detected in 1990, and the maximum water quality.concentrations increased from 0.162 lag/1 in
1991 to 0.200 lag/1 in 1992. Conversion of Significant Impacts/Mitigation Measures
agricultural lands to riparian habitat will Action 1 would have no significant adverse
eliminate the use of pesticides on the lands impacts. The short-term and localized
subject to this action and thus further reduce increases in turbidity attributable to levee
the discharge of pesticides to streams and construction are judged to be less-than-
rivers, significant. A beneficial decrease in water

temperature would occur due to increased
Pathogenic Organisms - Action 1 includes shading.
better management of livestock grazing to
protect riparian vegetation and streambank Action 2: Provide Annual Gravel
stability. Exclusion of domestic animals and Replacement to Improve Spawning
livestock from riparian areas and streams will Habitat
reduce the direct release of animal fecal Gravel will be recruited to stream channels
matter into streams and the discharge of by exposing existing sources of river gravel
runoff contaminated with fecal matter. Fecal on islands, bars, and banks that have become
matter contains many pathogenic organisms; armored to river flows, stockpiling gravel at
that is, organisms that can harm humans, locations where stream flows will move
Action 1 would produce a reduction in gravel into the stream channel, removal or
concentrations of pathogenic organism in alteration of dams, acquiring or relocating
stream waters. Although most pathogenic existing gravel mining operations, adding
organisms are effectively removed in gravel to stream channels, and reactivating
conventional water treatment facilities, the and maintaining natural sediment transport
risk of pathogens entering the domestic water processes. Between 96,000 and 161,000 tons
supply is reduced when pathogen of gravel will be recruited to stream channels
concentrations in raw water are low. Also, each year where necessary to supplement
cryptosporidium a cyst-forming parasite that natural gravel recruitment, maintain existing
has caused several recent outbreaks of levels of gravel recruitment and maintain
waterborne disease is thought to be associated average annual bedloads.
with domestic cattle. Action 1 would
improve in-stream water quality and increase Direct Short-Tertn Impacts Stockpiling
its suitability for municipal water supply and gravel at locations where it will carried into

water-contact recreation, stream channels will have little effect on
water quality provided the gravel is pre-

Direct Long-Term Impacts Compared To No washed to remove free sands and silts. If silt
Action Condition: The direct long-term is present water turbidity will be increased.
impacts compared to the No Action Exposing existing sources of gravel on
Condition will be similar to the existing islands, bars and banks where it is likely to
condition. The changes in emission of contain a silt component will have a greater
various substances attributable to the but still localized effect on water turbidity.
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Some small diversion dams will be modified three activities (removal or alteration of
or removed to enable downstream movement dams, reactivating and maintaining natural
of gravel that would otherwise be trapped sediment transport processes, and acquiring
behind the structures. The removal or or relocating existing gravel mining
alteration of existing dams would result in the operations) that could potentially affect
destabili~ation of sediments accumulated concentration of constituents of concern.
behind them and the possible discharge Changes in emission rates of all constituents
downstream of large quantities of gravels, of concern except suspended solids are
sands and silts. While the downstream expected to be negligible and are not
movement of gravels is desirable, the discussed further.
discharge of silt would impair water quality Direct Long-Term Impacts Compared To No
by increasing water turbidity. Depending on Action Condition: The direct long-term
the location and age of the dam, the impacts compared to the No Action
sediments behind it could be a reservoir of Condition will be similar to those compared
toxic substances; metals from past mining to the existing condition. The changes in
activities, or agricultural pesticides, including suspended solids and turbidity concentrations
now-prohibited substances such as DDT that attributable to removal or alteration of dams,
are resistant to chemical or biological reactivating and maintaining natural sediment
degradation in the environment. transport processes, and acquiring or
The risk of release of toxic materials in relocating existing gravel mining operations
sediments could be reduced by testing and will be the same.Indirect Impacts: Action 2
removal of sediments with high will produce no indirect adverse or beneficial
concentrations of chemical contaminants, impacts on water quality.
Depending on the height of the dam some Significant Impact/Mitigation Measures The
sediments may be left above the new flood short term increases in water turbidity
plain when the water level declines. associated with placement of gravels are
However, because it most cases it will be judged to be an insignificant impact. The
impractical to remove sediments, impacts could be lessened by incorporation of
downstream water turbidity will increase various mitigation measures including
immediately after dams are removed or washing of gravels and the use of silt
breached and in the first few storms. movement barriers.
Eventually, conditions at the dam site will
stabiliz.e and turbidity levels will return to Action 3: Restore or Rehabilitate
normal. Spawning Gravels on Mill and

Cottonwood Cri~eks
Direct Long-Term Impacts Compared to the
Existing Condition Action 2 will increase the Spawning gravels in Mill and Cottonwood
downstream movement of gravel in rivers Creek will be rehabilitated by ripping to
and streams. Downstream movement of freer disturb armored streambeds and by
materials will likely also increase, resulting in reactivating and maintaining natural sediment
higher water turbidities particularly during transport processes. Between 18 and 28
high flows, miles of stream channels will be treated
Direct Long-Term Impacts Compared To using these techniques.
Existing Condition: The action includes
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Direct Short-Term Impacts: The direct short- recontoured and regraded in dry conditions
term impacts are the same as those described using earth-moving equipment. No discharge
for Action 2. of sediment would occur during construction

but some increases in suspended solids~ Direct Long-Term Impacts Compared To
concentrations and turbidity will occur whenExisting Condition: The direct long-term

impacts are the same as those described for the new channels are exposed to stream flow.

Action 2. If excavation occurs in stream channels
containing water, localized turbidity and

Direct Long-Term Impacts Compared To No suspended solids concentration increases will
Action Condition: The direct long-term occur but the extent of adverse impacts can be
impacts compared to the No Action limited by excavating behind coffer dams and
Conditions are the same as those described diverting flow around excavations.
for Action 2.

Direct Long-Term Impacts Compared To
Indirect Impacts: Action 3 will produce no Existing Condition: The action involves the
indirect adverse or beneficial impacts on conversion of agricultural land to floodplain.
water quality. The long-term impacts associated with the

Significant Impacts/Mitigation Measures: conversion of agricultural land are the same

The short term increases in water turbidity as the conversion of agricultural land to
associated with placement of gravels are riparian habitat described for Action 1
judged to be an insignificant impact. The (Restore Riparian Habitat).
impacts could be lessened by incorporation of Restoring meander characteristics will change
various mitigation measures including sinuosity of stream channels. Sinuosity is the
washing of gravels and the use of silt ratio of stream length to valley length.
movement barriers. Restoring meanders will increase this ratio.

Action 8: Preserve or Restore Floodplain The effect of increased sinuosity is decreased

and Existing Channel Meander stream bank erosion and less discharge of

Characteristics of Clear, Cottonwood and suspended solids due to stream bank erosion.
Stony Creeks Direct Long-Term Impacts Compared To No
Floodplains will be acquired by direct Action Condition: The direct long-term

purchase or easement from willing sellers and impacts compared to the No Action Condition
stream channel meander characteristics will will be similar to those compared the existing
be restored by recontouring and regrading condition
stream channels, controlling encroaching Indirect Impacts:, Action 8 will produce no
vegetation, and constructing setback levees, indirect adverse or beneficial impacts on
Between 31 and 40 miles of floodplains and water quality.
stream channel meander areas in the Clear,
Cottonwood, and Stony Creek watersheds Significant Impacts/Mitigation Measures

will be restored. Action 8 would have no significant adverse
impacts.

Direct Short-Term Impacts: The effects of
SAN JOAQUIN VALLEY REGIONrecontouring and regrading of stream

¯ channels will depend upon the construction A series of programmatic actions are
methods used. Stream channels will likely be proposed for the San Joaquin Valley Region.
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The progrLmmatic actions are listed in Table Actions judged to have potentially significant
5-2. An initial screening was conducted to impacts were analyzed further, as described
divide actions into two categories; those with below, and a determination made of their
minimal impacts on water quality; and those significance. Where an impact is determined
with potentially significant impacts. Actions to be significant, mitigation measures are
were judged to have minimal impacts on suggested. No mitigation measures are
water quality if they do not change the required when the impacts are judged to be
emission rate of pollutants or the less-than-significant.
concentration of pollutants in water bodies or The Ecosystem Restoration Program Plan is
if the changes they produce are clearly organized by 14 ecological zones. Ecological
negligible. The results of the screening are zones in the San Joaquin Valley Region
shown in Table 5-2. include the San Joaquin River, East San

Joaquin Basin and West San Joaquin Basin.

TABLE 5-2

ECOSYSTEM RF~TORATION PROGRAM PLAN

PROGRAMMATIC ACTIONS FOR SAN JOAQUIN VALLEY REGION

Potentially
Significant Impacts

Programmatic Action Ma[~nitude on Water Quality?

1. Restore or improve management of riparian habitat. 1,500 to 5,000 acres Yes
2. Provide annual gravel replacement to improve spawning habitat. 12,000-25,000 tonsYes

annually
3. Install or improve fish screens on the North San Joaquin                         No

Conservation District diversion and at Woodbridge Dam.
4. Prevent straying of adult salmon and steelhead by installing a No

temporary weir on the San Joaquin River upstream form the
confluence with the Merced River.

5. Preserve or restore floodplain and existing channel meander33-56 miles Yes
characteristics.

6. Restore perennial aquatic habitat. 1000 acres Yes
7. Restore seasonal wetland habitat. 3,000 acres Yes
8. Reduce water temperatures on lower Merced, Tuolumne and3,000 acres Yes

Stanislaus Rivers.

Action 1: Restore Riparian Habitat and purchasing stream bank easements from

Riparian habitat will be restored by restricting willing sellers. A total of 100 miles of

further removal of riparian vegetation, riparian corridor will be restored on the San
Joaquin, Stanislaus, Tuolumne and Mercedestablishing riparian corridor protection
Rivers.zones, encouraging the implementation of

improved land management and livestock Direct Short-Term Impacts: Because this
grazing practices in stream/riparian zones, action does not include in any construction
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activities, there will be no direct short-term levels of gravel recruitment and maintain
adverse impacts on water quality, average annual bedloads.

Direct Long-Term Impacts Compared To Direct Short-Term Impacts: The direct short-
Existing Condition: The direct long-term term impacts of this action will be the same
impacts of restoring riparian habitat will be as those described for Action 2 in the
similar to those described for Action 1 in the Sacramento Valley Region.
Sacramento Valley Region, but on a

Direct Long-Term Impacts Compared Toconsiderably smaller scale. Existing Condition: The direct long-term
Direct Long-Term Impacts Compared To No impacts of this action compared to the No
Action Condition: The direct long-term Action Conditions will be the same as those
impacts of this action compared to the No described for Action 2 in the Sacramento
Action Condition will be similar to those Valley Region.
compared to the existing condition. Direct Long-Term Impacts Compared To No
Indirect Impacts: Action 1 will produce no Action Condition: The direct long-term
indirect adverse or beneficial impacts on impacts of this action compared to the No
water quality. Action Condition will be similar to those

Significant Impacts/Mitigation Measures:
compared to the existing condition, and are
the same as direct long-term impactsAction 1 would have no significant adverse

impacts. The short-term and localized compared to the existing condition described
for Sacramento Valley Region.increases in turbidity attributable to levee

construction are judged to be less-than- Indirect Impacts: Action 2 will produce no
significant. A beneficial decrease in water indirect adverse or beneficial impacts on
temperature would occur due to increased water quality.
shading. Significant Impacts/Mitigation Measures The
Action 2: Provide Annual Gravel short term increases in water turbidity
Replacement to Improve Spawning associated with placement of gravels are
Habitat judged to be an insignificant impact. The

Gravel will be recruited to stream channels by impacts could be lessened by incorporation of

exposing existing sources of river gravel on
various mitigation measures including

islands, bars, and banks that have become
washing of gravels and the use of silt
movement barriers.armored by river flows, stockpiling gravel at

locations where stream flows will move Action 5: Prese.rve or Restore Floodplain
gravel into the stream channel, removal or and Existing Channel Meander
alteration of dams, acquiring or relocating Characteristics
existing gravel mining operations, adding Stream channel meander belts will be
gravel to stream channels, and reactivating restored by reconstructing channels at
and maintaining natural sediment transport selected sites, f~ing in channel gravel
processes. Between 12,000 and 25,000 tons extraction areas, reconfiguring dredge
of gravel will be recruited to stream channels tailings, constructing set back levees and
each year where necessary to supplement developing and implementing gravel
natural gravel recruitment, maintain existing management programs.
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Direct Short-Term Impacts: The direct short- accomplished by removal of levees. It is
term impacts of this action are the same as expected that only short sections of levee will
those described for Action 8 ha the be removed to initiate flow. The remaining
Sacramento Valley Region. (Preserve or portions of the no longer useful levees will be
Restore Floodplain and Existing Channel abandoned and allowed to deteriorate and
Meander Characteristics of Clear, eventually disappear. Local increases in
Cottonwood and Stony Creeks.) water turbidity and suspended solids content

will occur during levee removal. Minor
Direct Long-Term Impacts Compared To

increases in the nutrient and organic carbonExisting Condition: The direct long-term
impacts of this action compared to the No content of water may also occur. There is a

Action Conditions will be the same as those possibility that contaminants presently

described for Action 8 ha the Sacramento immobilized in the soil in the levees could be
resuspended and dissolved during leveeRiver Region.
removal.

Direct Long-Term Impacts Compared To No
Some of the aquatic habitat will be created byAction Condition: The direct long-term

impacts of this action compared to the No constructing new levees behind the existing
levees. Once new levees are in place theAction Condition will be similar to those

compared to the existing condition, existing levees will be breached and then
allowed to gradually erode. The impacts of

Indirect Impacts: Action 5 will produce no levee construction will depend on the method
indirect adverse or beneficial impacts on of construction and the nature of the materials
water quality, used. In most cases, material will have to be

Significant Impacts/Mitigation Measures imported for levee construction. Dredging
Action 5 would have no significant adverse spoils from the Delta and the Bay Area may

impacts on water quality, be used if suitable materials are not available
locally. Because the source of material is

Action 6: Restore Perennial Aquatic uncertain the impacts associated with its
Habitat excavation at the source are not discussed
The acreage of perennial aquatic habitat will here.
be increased by constructing setback levees, Levee construction methods are likely to
by flooding islands, and by connecting dead vary. If levee construction materials arrive at
end sloughs to delta channels, the site by barge, they will likely be unloaded
Approximately 3,000 acres of agricultural by clamshell and put in place using
land will be converted to aquatic habitat, earthmoving equipment. If the water-content
Most of the aquatic habitat will consist of of the materials is high they be pumped into
shallow open water with emergent vegetation place.
around its margins.

Because, in general, levee construction will
Direct Short-Term Impacts: Creation of occur ha dry conditions rather than within
aquatic habitat will involve construction channels, adverse effects on water quality will
activities, principally the removal of sections be relatively minor. If materials with a high
of existing levee and the construction of new water content are used to construct the levees
levees. Flooding of islands and the it is likely that any excess water will be
reconnection of dead-end sloughs will be directed to evaporation ponds rather than
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being discharged to the delta channels. The substances to the San Joaquin River and its
new levees will be compacted, armored if tributaries. Currently, discharges from
necessary, and seeded. Minor and localized agricultural lands contain salts, organic

, increases in water turbidity can be expected carbon, nutrients, microbes and traces of
when the new levees are first exposed to pesticides. After implementation of this
water. Depending on the source of the action, the created aquatic habitat will
construction materials there could also be continue to emit various substances, but their

." minor and localized increases in water types and quantity will be different. Changes
salinity. Any adverse effect on turbidity in emissions of metals anti trace elements
could be reduced by allowing vegetation to other than selenium are expected to be
become established on the new levees before neglegible and are not discussed further.
breaching the existing levees. When water Changes in emissions of natural organic
first enters the area behind the old levees, matter, pesticides, salts, nutients and
nutrients may be released which could cause selenium are discussed below. None of the
algae blooms, changes would have much effect on regional

water quality because Action 6 affects lessConstruction will have negligible effects on
other constituents of concern other than than 1% of the agricultural land in the San

turbidity and suspended solids content. Joaquin Valley.

Dredged spoils may contain low Natural Organic Matter - Agricultural
concentrations of various toxic substances, drainage water in the San Joaquin Valley is
Because in most cases the new levees will be relatively rich in organic matter. The organic
built in the dry these substances will not be matter is in both dissolved and particulate
released to the aquatic environment during form and is probably attributable to
construction, dissolution and wash-off of organic matte:"

from soils and crop residues. Conversion ofDirect Long-Term Impacts Compared to the
Existing Condition: Much of the agricultural agricultural land to aquatic habitat could

increase or decrease the mass emission ofland bordering the San Joaquin River and its
natural organic matter to waterways whichtributaries is separated from the streams by
could in turn affect the suitability of riverlevees. Excess runoff and irrigation water
water as a drinking water source (See Actiondrains from fields to perimeter ditches. 1 in the Sacramento-San Joaquin Delta region

Water in the perimeter ditches may be
for futher discussion of this issue).pumped over the levees into the adjacent

channels or may flow to a network of Pesticides - Currently, various pesticides are
agricultural drainage channels which used on agricultural lands in the San Joaquin
ultimately discharge into the San Joaquin Valley. Irrigated agriculture is presently the
River. In parts of the San Joaquin Valley, most prevalent land use in the Sail Joaquin
high water tables make subsurface drainage Valley. In .~.990, 428 different pesticides with
of cropland a necessity. Subsurface drainage a combined active ingredient weight of about
water is routed to open channels at the 28 million pounds (DWR, 1990b) were
perimeter of fields and then to the San applied to a wide variety of crops including
Joaquin River. grapes, stone fruit, field crops, truck crops,

The conversion of agricultural land to aquatic     and some rice. Pesticides are discharged into
habitat will alter the emission rate of various
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waterways in surface runoff from cropland The CVRWQCB monitored toxicity in five
and in subsurface drainage, agricultural drains from 1991 to 1992 (Foe,

Agricultural drainage in the San Joaquin 1995). Chlorpyrifos was detected 55 percent

Basin consists of both surface runoff and of the time from drains on both sides of the

subsurface drainage. Surface runoff is valley. Chlorpyrifos is used on walnuts,

discharged directly into the lower reaches of almonds, applies, and corn, among other

eastside streams, the westside streams, and crops. Diazinon was detected 65 percent of

the San Joaquin River. Subsurface drainage the time in drainage water as indicated in
Table 5-3 (Foe, 1995). Diazinon is used onis common on the westside of the San

Joaquin Basin where near surface clays almonds, melons, tomatoes, peaches, apricots,
and walnuts. Carbaryl was detected 4 percentrestrict percolation and cause high water table
of the time in samples from the westside ofconditions. During the irrigation season,
the valley only. It is a foliar spray that is usedtypically April to October, 40 to 45 percent of
on almonds, beans, corn, grapes, peaches, andthe flow of the San Joaquin River may be

surface and subsurface agricultural drainage tomatoes.

(CWgCA, 1996).

TABLE 5-3

PESTICIDE DETECTIONS IN THE SAN JOAQUIN STUDY

1991-1992

Frequency of Number of
Pesticide         Detection       Detections Range (~)
Diazinon 65.4 178 0.01 - 2.60
Chlorpyrifos 55.2 150 0.01 - 1.60
Carbaryl 3.6 6 0.06 - 8.4

Source: (Foe, 1995), Table 12

Conversion of agricultural lands to aquatic otherwise, would allow salt to build up in the
habitat will eliminate the use of pesticides on soil with a consequent adverse effect on crop
the lands subject to this action. Pesticide yields or the type. of crops that can be
emissions in runoff and subsurface drainage cultivated.
will be reduced. In the San Joaquin Valley, little runoff of
Salts - When water is applied to agricultural applied water occurs; most of the water not
land, some evaporates, some is used by crops, evaporated or used by plants, percolates into
some runs off the surface of the land and the ground and is drained to ditches at the
some percolates into the ground. Farmers perimeter of the fields, from whence it flows
must apply sufficient water to the land to or is pumped back into waterways tributary
flush the salts contained in the applied water to the San Joaquin Rivr. The volume of
out of the superficial soil layers. To do drainage water is estimated to be 25 to 50%
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of the volume of the applied water. It is concentrations of selenium. Drainage waters
further estimated that the average salt content from this area are primarily discharged to the
of drainage water is 2 to 4 times greater than San Joaquin River through Mud and Salt
that of the applied water (Jones and Stokes Sloughs. If any agricultural lands in this area
Associates, Inc. 1995). are converted to aquatic habitat, the mass

emission of selenium to the river will beIf, as envisaged in Action 6, agricultural land
is converted to shallow water perennial slightly reduced.

aquatic habitat, cropland would be replaced Direct Long-Term Impacts Compared To No
by open water with a fringe of emergent Action Condition: The direct long-term
wetlands. The created aquatic habitat would impacts compared to the No Action
neither take up nor emit salts. Thus, the Condition will be similar to those compared
change in land use would have no effect on to the existing condition. The changes in
the emission of salts. It would, however, emission of various substances attributable to
result in increased salt concentration in the conversion of agricultural lands to
waterways as discussed below, perennial aquatic habitat will be the same.

Concentrations of the substances in the SanEvaporation rate from open water will be
greater than the evaporation rate from the Joaquin River will be slightly altered because

of the different flow regime prevailing undercorresponding acreage of agricultural land.
the No Action Condition.(Further discussion of charges in evaporation

rates and salt content in waterways can be Indirect Impacts: Action 6 will produce no
found under Action 1 in the Sacramento-San indirect impacts on water quality.
Joaquin Delta Region.) Significant Impacts/Mitigation Measures If
Nutrients - The principal nutrient in construction methods are chosen to minimize
agricultural drainage water is nitrate, environmental impacts (in particular
Phosphorus tends to become bound up in the maximizing construction in the dry) and
soil and ammonia is converted to nitrate by conventional construction mitigation
nitrifying bacteria in the soil. Nitrate levels measures are employed, adverse changes in
in agricultural drainage water are high, 25 to water quality resulting from Action 6 would
50 times higher than in typical be less-than-significant.
uncontaminated surface waters. Almost all Action 8: Restore Seasonal Wetland
the nitrate is attributable to nitrogen fertili~.ers Habitat
applied to cropland.

The acreage of seasonal wetlands will be
Conversion of agricultural land to perennial increased by flooding agricultural lands for
aquatic habitat will reduce nitrate emission. several months in winter and early spring.
Plants in the newly created aquatic habitat Small berms and other water control
will use nutrients during the growth season structures will be built so that wa~er is
and release them in the form of organic temporarily retained in shallow basins. The
nitrogen as plants die and decay. Unlike berms may be temporary or permanent. Water
agricultural land, the aquatic habitat will not will be primarily supplied by rainfall but may
be a net exporter of nitrogen, be obtained from rivers or irrigation canals.
Selenium - Agricultural drainage water from Approximately, 1,000 acres of agricultural
the western San Joaquin Valley contains high lands will be used as seasonal wetlands.
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Crops will be grown after the land is drained Pesticides - Pesticide emissions are a result of
in early spring, agricultural use of pesticides. The winter and

Direct Short-Term Impacts: Creation of spring time use of agricultural land as

seasonal wetlands will involve the seasonal wetlands will not alter agricultural

construction of small berms and dikes, activities on the land the remainder of the

Because the terrain is so fiat the berms will year. There will be no change in pesticide

rarely need to be higher than 2 or 3 feet. emissions.

They may be permanent or may be rebuilt Salts - Neither irrigated agricultural lands nor
each year at the end of the growing season, wetlands are net emitters of salts. However,
Berms will usually be constructed with native the concentration of salts in various water
soils available at the site but may be built bodies may change as a result of vegetation
with imported materials. Because the berms transpiring water that would otherwise be
will be small and will not need to withstand returned to the San Joaquin River by surface
high water pressures they will be built with flow or groundwater flow.
relatively light-weight construction Nutrients - The principal nutrient emitted by
equipment or agricultural machines. agricultural land is nitrate. Almost all the
Construction of the berms could increase the nitrate is attributable to nitrogen fertilizers
availability of sediment for discharge to water applied to cropland. Because crops will
bodies. However, because the berms will be continue to be grown on the land managed for
built within agricukural fields, already subject seasonal habitat there will be no change in
to extensive ground disturbance during nitrate emissions.
cultivation, any increase in sediment erosion Direct Long-Term Impacts Compared To No
rates would be expected to be small. The Action Condition: The direct long-term
flatness of the terrain also discourages water- impacts compared to the No Action
caused erosion. Condition will be similar to those compared
Direct Long-Term Impacts Compared To to the existing condition. The changes in
Existing Conditions: Action 8 does not emission of various substances attributable to
involve a permanent change in land use. the seasonal use of agricultural lands as
Instead, agricultural lands would be managed wetlands. Concentrations of the substances in
for several months each year to increase the delta will be slightly altered because of
habitat value for waterfowl and other birds, the different flow regime prevailing under the
Agricultural land which would otherwise be No Action Condition.
wet but not inundated in the winter and early Indirect Impacts:. Action 8 will produce no
spring would be flooded. The change in land indirect impacts on water quality.
management could produce a change in the
emission rate of various substances and their Significant Impacts/Mitigation Measures If
concentration in water bodies, construction methods are chosen to minimize

environmental impacts (in particular
Natural Organic Matter - The creation of maximizing construction in the dry) and
seasonal wetlands could alter the emission conventional construction mitigation
rate of natural organic matter to the San measures are employed, adverse changes in
Joaquin River and its tributaries (see water quality resulting from Action 8 would
discussion under Action 8 in the Sacramento- be less-than-significant
San Joaquin Deka Region)...
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SACRAMENTO-SAN JOAQUIN DELTA shown in Table 5-4. Actions judged to have
REGION potentially significant impacts were analyzed

further as described below and aA series of programmatic actions are
determination made of their significance.¯          proposed for the Sacramento-San Joaquin
Where an impact is determined to beDelta. These actions are listed in Table 5-4.

An initial screening was conducted to divide significant, mitigation measures are

actions into two categories; those with suggested. No mitigation measures are

minimal impacts on water quality; and those      required when the impacts are judged to be
with potentially significant impacts. Actions less-than-significant.

were judged to have minimal impacts on For the purposes of the Ecological
water quality if they do not change the Restoration Program Plan, the Sacramento-
emission rate of pollutants or the San Joaquin Delta Region lies in a single
concentration of pollutants in water bodies or ecological zone.
if the changes they produce are clearly
negligible. The results of the screening are

TABLE 5-4

ECOSYSTEM RESTORATION PROGRAM PLAN

PROGRAMMATIC ACTIONS FOR DELTA REGION

Potentially
Significant Impacts
on Water Quality?Programmatic Action Ma[[nitude

1. Restore tidal perennial aquatic habitat, and tidal emergent 33,000 - 45,000 acres Yes
wetlands.

2. Restore tidally influenced freshwater marsh. 20,000 - 25,000 acres Yes

3. Restore tidally influenced channels and distributary sloughs.150 - 250 miles Yes

4. Restore shallow water habitat. 7,000 acres Yes

5. Restore shoals. 500 acres No

6. Create deep open water areas within restored freshwater emergent 500 acres No
wetland areas.

7. Create shallow open water areas within restored freshwater 1,500 - 2,000 acres No
emergent wetland areas.

8. Restore seasonal wetlands. 34,000 acres Yes

9. Restore riparian habitat. 75 - 220 miles, Yes
700 - 8,000 acres

10. Protect additional existing riparian woodlands. 500 acres No

11. Restore non-tidal emergent wetlands. 15,000 acres Yes

12. Restore channel islands. 200 - 800 acres No
13. Reduce water temperatures in Mokelumne, Calaveras and Yes

Consumnes Rivers
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Action 1: Restore tidal perennial aquatic imported for levee construction. Possible
habitat and tidal wetlands sources of material include dredging spoils

General Description Of Action: The acreage from the Delta and the Bay Area. Because

of open water aquatic habitat and tidal the source of material is uncertain the impacts

emergent wetlands will be increased by associated with its excavation at the source
are not discussed here.constructing setback levees, by flooding

islands, and by connecting dead end sloughs Levee construction methods are likely to
to Delta channels. Between 33,000 and vary. It is likely that in most cases, levee
45,000 acres of agricultural land will be construction materials will arrive at the site
converted to aquatic habitat. Most of the by barge. Materials may be unloaded by
aquatic habitat will consist of shallow open clamshell and put in place using earthmoving
water with emergent vegetation around its equipment. If the water-content of the
margins, materials is high they may be pumped into

Direct Short-Term Impacts: Creation of
place. In some cases where channel dredging

aquatic habitat will involve construction and levee construction are occur in the same

activities, principally the removal of sections location, materials may be pumped into place

of existing levee and the construction of new using a suction dredge.

levees. Flooding of islands and the Because, in general, levee construction will
reconnection of dead-end sloughs will be occur in dry conditions rather than within
accomplished by removal of levees. It is delta channels, adverse effects on water
expected that only short sections of levee will quality wi.ll be relatively minor. If materials
be removed to initiate flow. The remaining with a high water content are used to
portions of the no longer-useful levees will be construct the levees it is likely that any excess
abandoned and allowed to deteriorate and water will be directed to evaporation ponds
eventually disappear. Local increases in rather than being discharged to Delta
water turbidity and suspended solids content channels. The new levees will be compacted,
will occur during levee removal. Minor armored if necessary, and seeded. Minor and
increases in the nutrient and organic carbon localized increases in water turbidity can be
content of water may also occur. There is a expected when the new levees are fn’st
possibility that contaminants presently exposed to water. Depending on the source
immobili~.ed in the soil in the levees could be of the construction materials there could also
resuspended and dissolved during levee be minor and localized increases in water
removal, salinity and boror~ content. Any adverse

effect on turbidity could be reduced bySome of the aquatic habitat will be created by
constructing new levees behind the existing allowing vegetation to become established on

levees. Once new levees are in place the the new levees before breaching the existing
levees. When water first enters the areaexisting levees will be breached and then
behind the old levees, nutrients may beallowed to gradually erode. The impacts of
released which could cause algae blooms.levee construction will depend on the method

of construction and the nature of the materials Construction will have negligible effects on
used. In most cases, material will have to be other constituents of concern other than
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turbidity and suspended solids content, natural organic matter, pesticides, salts and
Dredged spoi/s may contain low nutients are discussed below. The changes
concentrations of various toxic substances, have the potential to affect regional water
Because in most cases the new levees will be quality because Action 1 involves a reduction
built in the dry these substances will not be in agricultural acreage in the Delta of 6 to
released to the aquatic environment during 8%.
construction. The risk of leaching of toxic Natural Organic Matter - Agricultural
substances from new levees when they first drainage water in the Delta is relatively rich
come into contact with water could be in natural organic matter (NOM). The
reduced by prohibition of the use of heavily organic matter is in both dissolved and
contaminating dredge spoils, particulate form and is probably attributable
Direct Long-Term Impacts Compared to the to dissolution and wash-off of organic matter
Existing Condition: Much of the agricultural from soils, particularly the peat soils
land on Delta islands and bordering Delta prevalent in the Delta, crop residues and
channels is at an elevation below that of the aquatic plants in drainage channels (The peat
adjacent waterways and is separated from the soils in the Delta have an organic carbon
waterways by levees. Excess runoff and content of over 50%). Table 5-5 shows some
irrigation water drains from fields to of the characteristics of typical Delta drainage
perimeter ditches which flow to sumps water including its NOM content measured in
adjacent to the levees. Runoff and terms of dissolved organic carbon (DOC)
agricultural drainage water is pumped over concentration. Ongoing studies by the
the levees and into the Delta channels. About California Department of Water Resources
260 individual drains discharge about have demonstrated that agricultural drainage
400,000 acre-feet of agricultural drainage discharges are the most important source of
water to Delta channels each year (CUWA, organic carbon emission in the Delta.
1996). Most of the drainage is discharged to
the channels during two periods; June and
July when irrigation is at a maximum; and
from November to January when fields are
flooded to leach salts from the soils.

The conversion of agricultural land to aquatic
habitat will alter the emission rate of various
substances to the San Joaquin River and its
tributaries. Currently, discharges from
agricultural lands contain salts, organic
carbon, nutrients, microbes and traces of
pesticides. After implementation of this
action, the created aquatic habitat will
continue to emit various substances, but their
types and quantity will be different. Changes
in emissions of metals and trace elements are
expected to be neglegible and are not
discussed further. Changes in emissions of
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TABLE 5-5

DELTA ISLAND DRAINAGE WATER QUALITY
Constituent Units Webb Tract Jones Tract Rindge Tract
Electroconductivity~tS/cm 1,036 730 954
Chloride mg/l 160 115 161
Bromide mg/l 0.58 0.31 0.70
DOC mg/l 25.1 11.3 214
THMFP lagh 2,150 1,287 1,963
Nitrate rag/1 13.7 8.1 5.8

Source: DWRMWQI data, 1986-1997

Conversion of agricultural cropland on Delta waters they effectively measure natural
islands to aquatic habitat will undoubtedly organic matter because the concentrations of
alter the emission rate of organic carbon to synthetic organic chemicals in natural waters
Delta waters, but the magnitude and direction are insignificant relative to the concentrations
of the change are a matter of debate among of natural organics.
technical specialists. Any change is With respect to Delta channel waters, there is
important because it affects the suitability of little difference between the concentrations of
Delta waters as a source of drinking water TOC and DOC because most organic carbon
supply. Certain components of NOM in raw is present in the dissolved form. The average
water, including humic and fulvic acids, react DOC content of 2455 samples taken from 70
with disinfectants to form trihalomethanes agricultural drains in the Delta between
and other potentially harmful substances in November 1986 and August 1996 was
finished drinking water. Because of its 18.8mg/1. The average TOC content of 430
importance to municipal water purveyors, samples taken during the same period was the
NOM, and potential changes in its emission same, although the standard deviations about
to Delta waters, are discussed in detail in the the means were different. The California
following paragraphs. Department of Water Resources collects
Two analytical tests are commonly used to mostly DOC data in its Municipal Water
measure the organic carbon content of water Quality Investigations (MWQI) program
samples. The total organic carbon (TOC) test because it is considered to be a more reliable
is made on a "whole" water sample and indicator of the potential to form disinfection
provides a measure of total particulate and byproducts during water treatment. All of the
dissolved organic carbon. The DOC test is municipal drinking water plants that are
made on a sample after passage through a supplied with raw water from the Delta
0.45 micron filter and is generally considered employ filtration as a step in the treatment
to provide a measure of dissolved organic process prior to disinfection.
carbon (In fact, the DOC test also measures No data are available that allow a definitive
organic carbon in the form of particles conclusion to be reached with regard to the
smaller than most bacteria). When the tests change in DOC emission that might occur if
are applied to relatively unpolluted natural irrigated agricultural cropland is converted to
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aquatic habitat. Various studies are underway months. Supporters of this conceptual model
which will increase understanding of the make reference to the "tea bag effect" to
mechanisms involved in the interaction illustrate that the longer water is in contact
between organic soils and water but they will with organic matter the greater the amount
not be completed in time to provide that will be dissolved.
information for this report. Several As noted earlier, an average of 400, 000 acre-
conceptual models have been proposed, feet per year of drainage water is discharged
Some postulate that current agricultural from Delta islands to Delta channels with an
practices are very efficient in extracting average DOC content of 18.8 mg/1. This
dissolved organic carbon from Delta soils and translates into an annual DOC load of about
that converting the land to aquatic habitat will 10,200 tons or 38.6 lbs per acre per year. The
likely decrease the efficiency of the process. 45,000 acres of agricultural land that would
Currently, Delta islands are typically be converted to wetland habitat under this
cultivated early in the year prior to planting, action currently emits an estimated 868 tons
Cultivation increases the rate of soil of DOC, or approximately 8% of the total
oxidation. Earlier studies have shown that DOC emission.
oxidized soils dissolve into the applied water, DOC concentrations at the Barks Delta
increasing the TOC content of drainage Pumping Plant currently average 4 mg/1.
waters (Deveral et al, 199-). Data collected Although the effects of Action 1 on DOC
by the Department of Water Resources show levels cannot be accurately predicted, some
that the organic carbon content of runoff sense of the scale of potential effects can be
waters from Delta croplands is at a maximum obtained. Because current agricultural
early in the year, and declines thereafter. This practices are thought to be quite efficient in
indicates a pattern of seasonal build up and dissolving DOC from soils, it is unlikely that
cultivation-promoted flushing of carbon from conversion to habitat would more than double
the soils. Permanently flooding Delta islands DOC emissions from the current condition.
to form shallow water aquatic habitat is If DOC loads from the affected acreage
unlikely to reproduce this pattern. Although double or are reduced by half, DOC
waters will be in contact with soils for a concentrations at the Delta Pumping Plan t
longer period of time than under the current would be expected to increase by 0.3 rag/l, or
condition, the soil surface will not be be reduced by 0.15 mg/1.
disturbed and conditions at the bottom of the
water column will probably not promote rapid It is worth noting that although natural
oxidation of soft. After several years, a layer organic matter in water reduces its suitability
of silt will cover the peat soils and the as a drinking water source, it is an essential
dissolution of organic carbon would thereby part of the aquatic ecosystem. Much of the
be further reduced, organic carbon in natural waters is in the form

of living organisms and their waste products.
A second conceptual model is based on the Carbon cycles through the food web as
idea that keeping Delta waters in permanent organisms grow, die, and are used as food by
contact with peat soils will increase the other organisms. Some of the actions
opportunity for dissolution of organic carbon contained in the Ecosystem Restoration
compared to the current condition where soils Program would increase ecological
are in contact with water for only six or seven productivity by increasing the availability of
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organic carbon - the food supply for aquatic alfalfa fields--diazinon (0.01 lag/l), diuron
organisms. (3.6 lag/l), carbofuran (1.0-1.9 lag/l), and

Pesticides - Generally pesticides are applied chlorpyrigos (0.01 lag/l) (Foe and Sheipline,

to Delta crops in the spring and summer, and 1993).

to orchards and alfalfa fields in winter and Conversion of agricultural lands to aquatic
early spring. The Department of Water habitat will eliminate the use of pesticides on
Resources monitored for 30 pesticides in the lands subject to this action. Under Action
three Delta agricultural drains between 1983 1 pesticide emissions in drainage water could
and 1987 during the summer application be reduced by 6 to 8%.
period. Molinate, a rice herbicide, was the Salts - Approximately, 70% of the surface
most frequently detected pesticide. It was area of the Delta is devoted to irrigated
detected once in June 1988 in the drain at agriculture (DWR, 1995). Irrigation water is
Grand Island (0.40 lag/l) and Empire Tract drawn from the Delta channels and applied to
(0.11 lag/l) and once in July 1986 in the drain cropland. When water is applied to
at Empire Tract (0.3 lag/l) and Tyler Island
(1.1 lag/l) (DWR, 1989).

agricultural land, some evaporates, some is
used by crops, some runs off the surface of

Atrazine, bentazon, and molinate are used to the land and some percolates into the ground.
control annual grasses and broad-leaved Farmers must apply sufficient water to the
weeds for vine, fruit, and vegetable crops in land to flush the salts contained in the applied
the Delta. In 1988, a one-time water out of the superficial soil layers. To do
comprehensive survey under the Delta Islands otherwise, would allow salt to build up in the
Drainage Investigation was conducted to soil with a consequent adverse effect on crop
determine the influence of agricultural yields or the type of crops that can be
drainage on Delta water quality. Atrazine cultivated. In the Delta, salt that builds up in
was present at 0.13 to 0.91 lag/1 in six drains, agricultural land in the irrigation season is
Bentazon (2.5 lag/l) and molinate (0.76 lag/l) flushed out in the winter months.
were detected in one drain each (DWR, Little runoff of applied water occurs in the
1990a). Delta ; most of the water not evaporated or
The application of dormant sprays to orchards used by plants, percolates into the ground and
and of weevil control insecticides to alfalfa is drained to ditches at the perimeter of the
fields contribute pesticide residues to Delta fields, from whence it is pumped back into
receiving waters in winter and early spring, the Delta channels. The volume of drainage
A bioassay study was conducted by the water is estimated to be 25 to 50% of the
Central Valley Regional Water Quality volume of the applied water. It is further
Control Board (CVRWQCB) in the winter of estimated that the average salt content of
1992 to assess the toxicity of orchard runoff drainage water is 2 to 4 times greater than
(Foe and Sheipline, 1993). Six pesticides that of the applied water (DWR, 1993).
were detected --diazinon (0.02-2.79 lag/l), Large volumes of water with a relatively low
diuron (0.10-30.6 lag/l), methadathion (0.13- salt content are diverted from delta channels
2.45 lag/l), bromocil (1.32-7.5 lag/l), propham to irrigate cropland. After agricultural use,
(9.2-17.7 lag/l), and chlorpyrffos (0.01 lag/l), considerably smaller volumes of water with a
Four pesticides were detected in samples higher salt content are returned to the
collected to assess the toxicity of runoff form channels. However, because salts cannot be
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allowed to accumulate in soils over time, the remain the same and so the concentration of
salt load in the applied water and the salt must increase. Thus, the overall effect of
discharged drainage water are approximately conversion of land from irrigated agriculture
the same and thus irrigated agriculture is not to aquatic habitat in Delta agricultural
usually a net emitter of salts to delta waters drainage is to reduce channel flow and
on an annual basis. Salt may be depositing in increase salt concentration.
soils in the st, tamer but flushed out again in Nutrients - The principal nutrient in
winter, agricultural drainage water is nitrate.
If, as envisaged in Action 1, agricultural land Phosphorus tends to become bound up in the
is converted to shallow water aquatic habitat, soil and ammonia is converted to nitrate by
cropland would be replaced by open water nitrifying bacteria in the soil. Nitrate levels
with a fringe of emergent wetlands. Like in agricultural drainage water are high, 25 to
agricultural lands, the created aquatic habitat 50 times higher than in typical
would neither take up nor emit salts. Thus, uncontaminated surface waters. Almost all
the change in land use would have no effect the nitrate is attributable to nitrogen fertilizers
on the emission of salts. It would, however, applied to cropland.
result in increased salt concentration for the Conversion of agricultural land to aquatic
reasons noted below (see Figure 5-1). habitat will reduce nitrate emission. Plants in
The evaporation rate from open water will be the newly created aquatic habitat will use
greater than the evapotranspiration rate from nutrients drawn from water and sediments
the corresponding acreage of agricultural during the growth season and release them in
land. The estimated evapotranspiration rate the form of organic nitrogen as plants die and
for open w~.ter in the delta is 55.4 inches per decay. Unlike agricultural land, the aquatic
year. The corresponding values for irrigated habitat will not be a large net exporter of
lands in the delta uplands and lowlands are nitrogen.
35.9 and 31.2 inches, respectively (Jones and Direct Long-Term Impacts Compared To No
Stokes Associates, Inc., 1995). The effect Action Condition: The direct long-term
can best be illustrated with a hypothetical impacts compared to the No Action
example; a 200-foot wide, 2,000-foot long Condition will be similar to those compared
channel, confined by levees in the Delta to the existing condition. The changes in
lowlands, is bordered by irrigated cropland, emission of various substances attributable to
Under Action 1, a setback levee is built on the conversion of agricultural lands to aquatic
one side of the channel, expanding its width habitat will be the same. Concentrations of
to 600 feet. Approximately, 18 acres of the substances in’the delta will be slightly
krigated agriculture is taken out of production altered because of the different flow regime
and converted to aquatic habitat. The loss of prevailing under the No Action Condition.
water to evapotranspiration from the cropland
was 48 acre-feet per year; the corresponding Indirect Impacts: Action 1 will produce no
loss from the aquatic habitat is 85 acre-feet indirect impacts on water quality.
per year. The volume of water exiting the Significant Impacts/Mitigation Measures If
channel after the conversion of agricultural construction methods are chosen to minimize
land to aquatic habitat will be less than environmental impacts (in particular
before. As noted above, the salt load will maximizing construction in the dry) and
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~
! CONDITION A

Annual Annual
Land Use Area Evaporation Water Loss

Irrigated ~ ~ Type (acres) (inches) (acre-ft/yr)
2000’              Crops

~
i Crops 91.8 34 260
: Levee 9.2 10 7.6

Channel 9.2 55 42

310

200’

2,200’
CONDITION B

~ Annual Annual
Land Use Area Evaporation Water Loss

~ Expanded Channel
Type (acres) (inches) (acre-ft/yr)

2000’ ~ and Shallow Water Levee 9.2 10 7.6

~
~ Habitat

Channel 101 55 463

470

Land use change produces a 50%
increase in evaporation loss.

Figure 5-1. Example of Effect of Land Use Change on Evaporation Rates
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conventional construction mitigation water turbidity and suspended solids content
measures are employed, adverse changes in will occur during levee removal.
water quality resulting from Action 1 would Some of the freshwater marsh will be created
be less-than-significant, by constructing new levees behind the
A long-term adverse effect of Action 1 is an existing levees. Once new levees are in phce
increase in salinity due to increased the existing levees will be breached and then
evaporation. Long-term water quality benefits allowed to gradually erode. The impacts of
would result from decreased discharges of levee construction will depend on the method
nutrients and pesticides, of construction and the nature of the materials

If it is determined that creation of wetland used. In most cases, material will have to be

habitat unacceptably increases DOC levels in imported for levee construction. Possible
sources of material include dredging spoilsDelta waters, that enter the municipal water
from the Delta and the Bay Area. Becausesupply, then mitigation may be necessary.

One possibility would be to limit wetland the source of material is uncertain the impacts

restoration to areas where channel flow is associated with its excavation at the source
are not discussed here.directed toward the San Francisco Bay rather

than the export pumps. Another might be to Because levee construction will occur in dry
seal the surface of peat soils with a layer of conditions, adverse effects on Water quality
clay. will be less than if construction had to be

undertaken within the Delta channels. TheAction 2: Restore tidally-influenced
new levees will be compacted, armored iffreshwater marsh
necessary, and seeded. Minor and localized

The acreage of tidally-influenced freshwater increases in water turbidity and depending on
marsh will be increased by constructing the source of materials, salinity can be
setback levees and by flooding islands and expected when the new levees are first
island peninsulas. Between 20,000 and exposed to water. Any adverse effect on
25,000 acres of agricultural land will be turbidity could be reduced by allowing
converted to marsh. Most of the habitat will vegetation to become established on the new
consist of emergent freshwater marsh which levees before breaching the existing levees.
is subject to water surface elevation changes Salinity changes could be avoided by washing
produced by the tide but which rarely if ever dredge spoils from saline environments
becomes brackish, before they are used for levee construction.

Direct Short~Term Impacts: Creation of When water In’st enters the area behind the

freshwater marsh will involve construction old levees, nutrients may be released which

activities, principally the removal of sections could cause algae blooms.

of existing levee and the construction of new In parts of the Delta, agricultural lands are
levees. Flooding of islands will be many feet below the water surface in the
accomplished by removal of levees. It is adjacent channels. If these areas are simply
expected that only short sections of levee will flooded they will, at least initially, be
be removed to initiate flow. The remaining transformed into open water rather than
portions of the no longer-useful levees will be freshwater marsh. In order to provide a
abandoned and allowed to deteriorate and substrate for marsh vegetation at a suitable
eventually disappear. Local increases in elevation, the surface of the land will have to
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be built up. Imported fill, probably dredge when materials are placed directly into water
spoils, will be used for this purpose. Several bodies.
construction scenarios are possible. The Direct Long-Term Impacts Compared To
setback levee would likely be constructed Existing Condition: The action involves the ¯
first. Dredge spoils could be delivered by conversion of agricultural lands on Delta
barge to the site, lifted over the original levee, islands and bordering delta channels to
placed between it and the setback levee, and freshwater marsh. Currendy, the agricultural
graded to the required level using

lands emit various substances which are
earthmoving equipment. If the dredge spoils discharged to Delta channels. After
have a high moisture content they could be implementation of this action, the created
pumped into place between the levees. In marsh habitat will continue to emit various
either case, placement of the material would substances, but their types and quantity will
occur in isolation from water in the Delta be different. Emissions of metals, trace
channels. There would be no effect on water elements and microbes are expected to be
turbidity during construction. Some local negligible and are not discussed further.
increases in turbidity would occur when the Changes in emissions of natural organic
outer levee was breached,

matter, pesticides, salts and nutrients are
An alternate construction method would discussed below. The changes have the
involve breaching the original levee once thepotential to affect regional water quality
setback levee is complete, and dropping because Action 2 involves a reduction in
dredge spoils directly into place from barges, agricultural acreage of 4 to 5%.
Significant increases in local water turbidity Natural Organic Matter - The conversion of
would be expected if this construction land from agriculture to freshwater marsh will
method is used, although the movement of change the rate of DOC emission in a similar
suspended material could be limited by silt way to the conversion to tidal perennial
curtains or temporary coffer dams. aquatic habitat described above (Action 1).
Assuming peat soils could be covered by fill As discussed previously, there is considerable
materials, construction will have negligible uncertainty about the nature and magnitude of
effects on other constituents of concern other the change. For the purpose of this analysis it
than turbidity and suspended solids content, is assumed that the conversion of agricultural
Dredged spoils may contain low land to wetlands could increase or decrease
concentrations of various toxic substances. DOC emission by up to 65%.
Levee construction in the dry will not usually As noted earlier, the annual DOC emission in
release these substances to the aquatic agricultural drain~tge is about 10,200 tons or
environment although in some cases dredge 38.6 lbs. per acre per year. If 25,000 acres of
spoils exposed to air may oxidize and cause agricultural land are converted to wetland, its
heavy metals to dissolve when they come into current annual DOC emission rate of 482 tons
contact with water. Placement of dredge will increase to 796 tons or decrease to 169
spoils directly into open water would likely tons. After implementation of Action 2, the
release any toxicants present into the water total annual DOC mass emission from Delta
column. This impact could be avoided by islands would be 10,542 tons, a 3% increase
using only uncontaminated dredge spoils from the current condition or 9,915 tons, a

3% decrease. Action 2 could increase or
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decrease the DOC increment across the Delta Significant Impacts/Mitigation Measures If
by 3%. construction methods are chosen to minimize

environmental impacts (in particularPesticides - Currently, various pesticides are
" used on the agricultural lands in the Delta. maximizing construction in the dry) and

conventional construction mitigationConversion of agricultural lands to freshwater
measures are employed, adverse changes inmarsh will eliminate the use of pesticides on
water quality resulting from Action 2 wouldthe lands subject to this action and thus, the
be less-than-significant. If levee constructiondischarge of pesticide-contained agricultural
occurs directly in channels, onlydrainage water will be modestly reduced (see

discussion under Action 1). uncontaminated dredge spoils should be used.
If dredge spoils from saline environments are

Salts - The overall effect of conversion of used, they could be washed prior to
land from irrigated agriculture to freshwater placement.
marsh would be similar to that described
above in Action I. Evapotranspiration rates A long-term adverse effect of Action 2 is an

would be increased and the salt content of increase in salinity due to increased

waters correspondingly increased, evaporation. Long-term water quality benefits
would result from decreased discharges of

Nutrients - The principal nutrient in nutrients and pesticides.
agricultural drainage water is nitrate. Almost
all the nitrate is attributable to nitrogen If it is determined that creation of wetland

fertili~ers applied to cropland. Conversion of habitat unacceptably increases DOC levels in
Delta waters, that enter the municipal wateragricultural land to freshwater marsh will

reduce nitrate emission. Plants in the newly supply, then mitigation may be necessary.

created aquatic habitat will use nutrients One possibility would be to limit wetland
restoration to areas where channel flow isduring the growth season and release them in
directed toward the San Francisco Bay ratherthe form of organic nitrogen as plants die and
than the export pumps. Another might be todecay. Unlike agricultural land, the aquatic
seal the surface of peat soils with a layer ofhabitat will not be a large net exporter of

nitrogen, clay.

Action 3: Restore tidally-influencedDirect Long-Term Impacts Compared To No channels and distributary sloughsAction Condition: The direct long-term
impacts compared to the No Action A system of channels and sloughs will be
Condition will be similar to those compared constructed in the Yolo Bypass and in the
to the existing condition. The changes in Cache and Putah.creek sinks and connected to
emission of various substances attributable to the larger Delta channels. In some cases,
the conversion of agricultural lands to existing channels will be dredged and
freshwater marsh will be the same. widened. The new and expanded waterways
Concentrations of the substances in the Delta will recreate a network of tidally-influenced
will be slightly altered because of the natural channels which existed before the
different flow regime prevailing under the No land was drained for agriculture use.
Action Condition. Between 150 to 200 miles of channel will be

created. For analytical purposes it is assumed¯ Indirect Impacts: Action 2 will produce no
that 70% of the land needed to constructindirect impacts on water quality. channels is currently used for agriculture.
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Direct Short-Term Impacts: The channels and the conversion of agricultural lands to aquatic
sloughs will be created by dredging existing habitat will be the same. Concentrations of
channels and excavating new channels in the substances in the Delta will be slightly
agricultural lands. The effects of altered because of the different flow regime ,
construction activities on water quality will prevailing under the No Action Condition.
depend on the construction methods used. Indirect Impacts: Action 3 will produce no
New channels will likely be constructed in indirect impacts on water quality.dry conditions using earthmoving equipment.
No discharge of contaminants would occur Significant Impacts/Mitigation Measures:
during construction but some increases in Action 3 would have no significant adverse
water turbidity will occur when the new impacts if mobilization of mercury in
channels are connected to existing channels streambed sediments can be avoided. Testing
and tidal flow initiated. Enlargement of of sediments to determine their mercury
existing channels will also often be content prior to construction would be
undertaken in the dry as the channels are desirable..
currently isolated from tidal flow and are dry Action 4: Restore shallow water habitat
in the summer. Excavation in channels
containing water will result in localized The acreage of shallow water aquatic habitat

turbidity increases but the extent of the will be increased by constructing setback

adverse effects can be limited by excavating levees and by flooding islands.
behind coffer dams and diverting flow around Approximately 7,000 acres of agricultural
excavations. Barge mounted dredgers will be land will be converted to aquatic habitat.
used in the larger channels and will be a Aquatic habitat will consist of shallow open
source of increased turbidity. Because rocks water with emergent vegetation around its
in the Cache Creek watershed contain margins.

mercury, there is some risk that disturbance Direct Short-Term Impacts: Creation of
of sediments could mobilize this toxic metal, aquatic habitat will involve construction

Direct Long-Term Impacts Compared To activities, principally the removal of sections

Existing Condition: The action involves the of existing levee and the construction of new
conversion of small amounts of agricultural levees. Flooding of islands will be

lands to open water and emergent vegetation, accomplished by removal of levees. It is

The effects of conversion of agricultural land expected that only short sections of levee will
be removed to initiate flow. The remainingto open water and emergent vegetation on

pollutant emissions was discussed under portions of the no longer-useful levees will be

Action 1. The effects of Action 3 would be abandoned and allowed to deteriorate and
very similar to those of Action 1 but on a eventually disappear. Local increases in

much smaller scale, water turbidity and suspended solids content
will occur during levee removal.

Direct Long-Term Impacts Compared To No
Action Condition: The direct long-term Some of the aquatic habitat will be created by

impacts compared to the No Action constructing new levees behind the existing

Condition will be similar to those compared levees. Once new levees are in place the

to the existing condition. The changes in existing levees will be breached and then

emission of various substances attributable to allowed to gradually erode. The impacts of
levee construction will depend on the method
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of construction and the nature of the materials Emissions of metals, trace elements and
used. In most cases, material will have to be microbes are expected to be negligible and
imported for levee construction. Possible are not discussed further. Changes in

. sources of material include dredging spoils emissions of natural organic matter, salts,
from the delta and the Bay Area. Because the pesticides and nutrients are discussed below.
source of material is uncertain the impacts They would not be expected to affect regional
associated with its excavation at the source water quality because only about 1% of the

¯ are not discussed here. It is assumed that agricultural land in the Delta would be
materials will arrive at the construction site converted to shallow water habitat.
by barge. Natural Organic Matter - The conversion of
Because levee construction will occur in dry land from agriculture to shallow water habitat
conditions, adverse effects on water quality will change the rate of DOC emission in a
will be less than if construction had to be similar way to the conversion to tidal
undertaken within the Delta channels. The perennial aquatic habitat described above
new levees will be compacted, armored if (Action 1). As discussed above, there is
necessary, and seeded. Minor and localized considerable uncertainty about the nature and
increases in water turbidity can be expected magnitude of the change. For the purpose of
when the new levees are first exposed to this analysis, it is assumed that the conversion
water. Any adverse effect on turbidity could of agricultural land to wetlands could increase
be reduced by allowing vegetation to become or decrease DOC emission by up to 65%.
established on the new levees before Action 4 would increase or decrease DOC
breaching the existing levees. When water emissions from Delta islands by less than 1%.
first enters the area behind the old levees, Pesticides - Currently, various pesticides are
nutrients may be released which could cause used on the agricultural lands in the Delta.
algae blooms. Conversion of agricultural lands to shallow
Construction will have negligible effects on open water habitat will eliminate the use of
other constituents of concern other than pesticides on the lands subject to this action
turbidity and suspended solids content, and thus, the discharge of pesticides-
Dredged spoils may contain low contained in agricultural drainage water
concentrations of various toxic substances, would be slighted reduced (see discussion
Because the new levees will be built in the under Action 1).
dry these substances will not be released to Salts - The overall effect of conversion of
the aquatic environment during construction. land from irrigated agriculture to open water
Direct Long-Term Impacts Compared To would be similar to that described above in
Existing Condition: The action involves the Action 1. Evapotranspiration rates would be
conversion of agricultural lands on delta increased and the salt content of waters
islands and bordering Delta channels to open correspondingly increased.
water. Currently, the agricultural lands emit Nutrients - The principal nutrient in

¯ ,           various substances which are discharged to agricultural drainage water is nitrate. Almost
Delta channels. After implementation of this all the nitrate is attributable to nitrogen
action, the created shallow water habitat will fertilizers applied to cropland. Conversion of
continue to emit various substances, but their agricultural land to open water will reduce
types and quantity will be different.

nitrate emission. Plants in the newly created
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aquatic habitat will use nutrients during the islands. With the implementation of Action
growth season and release them in the form of 2, many channels will be broadened by
organic nitrogen as plants die and decay, construction of setback levees and
Unlike agricultural land, the aquatic habitat abandonment of existing levees. New shoals
will not be a large net exporter of nitrogen, or islands could be created by adding material

at the toe of existing levees.
Direct Long-Term Impacts Compared To No
Action Condition: The direct long-term Construction of the shoals and islands would
impacts compared to the No Action be accomplished by placement of dredged
Condition will be similar to those compared materials or possibly by excess fill material
to the existing condition. The changes in produced as a result of Action 3. Placement
emission of various substances attributable to of materials in moving water would increase
the conversion of agricultural lands to local turbidity concentration. If dredged
freshwater marsh will be the same. materials are used for construction, some
Concentrations of the substances in the delta toxic materials could be released.
will be slightly altered because of the Direct Long-Term Impacts Compared To
different flow regime prevailing under the No Existing Condition: Action 5 involves the
Action Condition. conversion of small amounts of agricultural
Indirect Impacts: Action 4 will produce no land to shallow open water and emergent and
indirect impacts on water quality, riparian habitat. The effects of conversion of

...S_i.gnificant Impacts/Mitigation Measures: If agricultural land to open water and marshland

construction methods are chosen to minimize on pollutant emissions was discussed under

environmental impacts and conventional Action 1. The effects of Action 5 would be
very similar to those of Action 1 but on aconstruction mitigation measures are
much smaller scale.employed, adverse changes in water quality

resulting from Action 4 would be less than Direct Long-Term Impacts Compared To No
significant. Action Condition: The direct long-term

Action 5: Restore and enhance impacts compared to the No Action
Condition will be similar to those comparedmidchannel islands and shoals
to the existing condition. The changes in

The purpose of this action is to protect and emission of various substances attributable to
expand midchannel islands and shoals that the conversion of agricultural lands to aquatic
serve as refuges for terrestrial and aquatic habitat will be the same. Concentrations of
species. This will be accomplished by the substances in the delta will be slightly
restrictions on dredging to prevent diminution altered because 6f the different flow regime
of existing shoals and islands and placement prevailing under the No Action Condition.
of fill to expand them. Between 200 and 800

Indirect Impacts: Action 5 will produce noacres of islands and shoals will be restored or
indirect impacts on water quality.created. Most of the land consumed for this

purpose is currently used for agriculture. Significant Impacts/Mitigation Measures: No

Direct Short-Term Impacts: This action will
mitigation measures beyond conventional

be implemented in conjunction with Action 2. measures during construction would be
needed.In most cases, Delta channels are currently

too narrow to accommodate new shoals and
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Action 8: Restore seasonal wetlands Agricultural land which would otherwise be
wet but may not be inundated in the winterThe acreage of seasonal wetlands will be
and early spring would be flooded. Theincreased by flooding agricultural lands for

several months in winter and early spring, change in land management could produce a

Small berms and other water control structure change in the emission rate of various

will be built so that water is temporarily substances and their concentration in water
bodies. Because Action 8 affects about 6% ofretained in shallow basins. The berms may

be temporary or permanent. Water will be the agricultural land in the Delta, it could
have implications for regional water quality.primarily supplied by rainfall but may be

obtained from delta channels. Natural Organic Matter - The effects of
Approximately, 34,000 acres of agricultural converting agricultural lands to wetlands or
lands will be used as seasonal wetlands, shallow water aquatic habitat were discussed
Crops will be grown after the land is drained at length under Action 1. It was assumed that
in early spring, the conversion could lead to an increase or

Direct Short-Term Impacts: Creation of decrease in DOC emission of 65%. In Action
8 agricultural land continues to be cultivatedseasonal wetlands will involve the

construction of small berms and dikes, but it is inundated for several months.

Because the terrain is so flat the berms will Although no data are available to support the

rarely need to be higher than 2 or 3 feet. view, it seems probable the creation of

They may be permanent or may be rebuilt seasonal wetlands will increase the emission
of TOC compared to the existing conditioneach year at the end of the growing season.

Berms will usually be constructed with native because it combines cultivation, which

soils available at the site but may be built disturbs and exposes peat soils to the

with imported materials. Because the berms atmosphere, with periodic inundation with

will be small and will not need to withstand standing water. For the purpose of this

high water pressures they will be build with analysis, it is assumed that TOC emission

relatively light-weight construction could be increased by up to 65%.

equipment or agricultural machines. As noted earlier, the annual average DOC

Construction of the berms could increase the emission in agricultural drainage is about
10,200 tons or 38.6 lbs. per acre per year. Ifavailability of sediment for discharge to water

bodies. However, because the berms will be 24,000 acres of agricultural land are

build within agricultural fields, already converted to wetland, its current annual DOC

subject to extensive ground disturbance emission rate of 656 tons will increase to
1080 tons. After. implementation of Action 8,during cultivation, any increase in sediment

erosion rates would be expected to be small, the total annual DOC mass emission from

The flatness of the terrain also discourages Delta islands would be 10,653 tons, a 4%

water-caused erosion, increase from the current condition. Action 2
could increase the DOC increment across the

Direct Long-Term Impacts Compared To Delta by 4%.
Existing Conditions: Action 8 does not

Pesticides - Pesticide emissions are a result ofinvolve a permanent change in land use.
Instead, agricultural lands would be managed agricultural use of pesticides. The winter and

for several months each year to increase spring time use of agricultural land as

habitat value for waterfowl and other birds, seasonal wetlands will not alter agricultural
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activities on the land the remainder of the streamside bench on which riparian
year. There will be no change in pesticide vegetation would be planted. Direct short-
emissions, term impacts would be similar to those of

Action 1 but on a smaller scale.Salts - As noted earlier, neither irrigated
agricultural lands nor wetlands are net Long-Term Impacts Compared To The
emitters of salts. However, the concentration Existing Condition The restoration of
of salts in various water bodies may change corridors of riparian vegetation will increase
as a result of altered evaporation rates. The shading of stream waters. The only water
deliberate inundation of land for several quality parameter directly affected will be
months in the winter would produce a small temperature. Water temperature in small
increase in annual evaporation rate. streams where a dense canopy shades much

Nutrients - The principal nutrient emitted by of the water surface for thousands of feet
could be reduced by several degrees. Wateragricultural land is nitrate. Almost all the

nitrate is attributable to nitrogen fertilizers temperature in broader streams and where the

applied to cropland. Because crops will
riparian corridor is fragmented will be

continue to be grown on the land managed for reduced by lesser amounts.

seasonal habitat there will be no change in Direct Long-Term Impacts Compared To No
nitrate emissions. Action Condition The direct long-term

Direct Long-Term Impacts Compared To No
impacts compared to the No Action
Condition will be the same as those comparedAction Condition: The direct long-term
to the existing condition.impacts compared to the No Action

Condition will be similar to those compared Indirect Impacts Action 9 will produce no
to the existing condition. The changes in indirect impacts on water quality.
emission of various substances attributable to Bay Region
the seasonal use of agricultural lands as
wetlands will be the same. Concentrations of A series of programmatic actions are
the substances in the Delta will be slightly proposed for the Bay. The programmatic
altered because of the different flow regime actions are listed in Table 5-6. An initial
prevailing under the No Action Condition. screening was conducted to divide actions

into two categories; those with minimal
Indirect Impacts: Action 8 will produce no impacts on water quality; and those with
indirect impacts on water quality, potentially significant impacts. Actions were
Action 9: Restore riparian habitat judged to have minimal impacts on water

Corridors of riparian vegetation will be quality if they do" not change the emission rate

restored within the Delta along the San of pollutants or the concentrations of

Joaquin River and its tributaries and along the po!lutants in water bodies or if the changes

shores of islands. Between 7,000 and 8,000
they produce are clearly negligible. The
resuks of the screening are shown in Table 5-

acres of land would be affected.
6. Actions judged to have potentially

Direct Short-Term Impacts significant impacts were analyzed further as

A setback levee would be built behind the described below and a determination made of
existing levee, the existing levee would be their significance. Where an impact is

demolished and the materials used to create a determined to be significant, mitigation
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measures are suggested. No mitigation Program Plan. They are Suisun Marsh and
measures are required when the impacts are North San Francisco Bay.
judged to be less-than-significant.

Two ecological zones in the Bay Region are
addressed in the Ecosystem Restoration

TABLE 5-6

ECOSYSTEM RESTORATION PROGRAM PLAN

PROGRAMMATIC ACTIONS FOR BAY REGION

Potentially Significant
Environmental Impacts
on Water Quality?Programmatic Action                               Magnitude

Restore tidal perennial aquatic habitat and tidal emergent10,000 - 14,000 acres Yes
wetlands.
Restore tidally influenced channels and distributary sloughs.10 miles, No

60 - 90 acres
Create deep open water within restored freshwater emergent500 acres No
wetlands.
Restore seasonal wetlands. 7,000 acres Yes
Restore riparian habitat. 10 - 15 miles, Yes

20 - 80 acres
Protect vernal pool habitat. 500 - 1,000 acres No
Restore perennial ~.asslands. 1,000 acres No

Action 1: Restore tidal perennial aquatic levees. Most of the aquatic habitat will be
habitat and tidal wetlands created by constructing new levees behind the

The acreage of shallow water aquatic habitat existing levees. Once new levees are in place
the existing levees will be breached and thenand saline emergent wetlands will be
allowed to gradually erode.increased by constructing setback levees and

restoring tidal flow to 10,000 to 14,500 acres The impacts of levee construction will
of land adjacent to Suisun Bay and Marsh, depend on the method of construction and the
San Pablo Bay, the Napa and Petaluma Rivers nature of the maierials used. Possible sources
and Sonoma Creek. The land to be converted of material include dredging spoils from the
is currently used for agriculture. Most of the Delta and the Bay Area. Because the source
aquatic habitat will consist of shallow open of material is uncertain the impacts associated
water with emergent vegetation around its with its excavation at the source are not
margins, discussed here.

Direct Short-Term Impacts: Creation of Because levee construction will occur in dry
aquatic habitat will involve construction conditions, adverse effects on water quality
activities, principally the removal of sections will be less than if construction had to be
of existing levee and the construction of new undertaken in water. The new levees will be
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compacted, armored if necessary, and seeded, from fields to perimeter ditches which flow to
Minor and localized increases in water sumps adjacent to the levees. Runoff and
turbidity can be expected when the new agricultural drainage water are pumped over
levees are first exposed to water. Any the levees and into the Bay.
adverse effect on turbidity could be reduced Conversion of land from agriculture to
by allowing vegetation to become established aquatic habitat in the Bay will change the rate
on the new levees before breaching the

of DOC emission as it will in the Delta (Seeexisting levees. When water fn’st enters the earlier discussion of Action 1 in the Delta
area behind the old levees, nutrients may be Region). However, changes in DOC emission
released which could cause algae blooms, are of little significance because, even in
Construction will have negligible effects on Suisun Bay, Bay waters are too saline for use
constituents of concern other than turbidity as drinking water supplies.
and suspended solids content. Even ff Pesticides - Currently, pesticides are used
dredged spoils, containing small amounts of sparingly on the agricultural lands adjacent to
toxic materials, are used for levee the Bay. Conversion of agricultural lands to
construction the risk of their release into Bay aquatic habitat will eliminate the use of
waters is low because the new levees will be pesticides on the lands subject to this action
built in the dry. and thus modestly reduce the discharge of
Direct Long-Term Impacts Compared To pesticide-contained agricultural drainage
Existing Condition: The action involves the water.
conversion of agricultural lands on the fringes Salts - Conversion of agricultural land to
of Suisun and San Pablo Bays to aquatic shallow water aquatic habitat and saline
habitat. Currently, the agricultural lands emit emergent wetlands will have little effect on
various substances which are discharged to the emission of salts. It could, however, have
the Bay. After implementation of this action, some effect on salt concentrations in the bay
the created aquatic habitat will continue to for the reasons noted below.
emit various substances, but their types and
quantity will be different. Changes in The evaporation rate from open water will be
emission of metals, trace elements and greater than that from the corresponding
microbes are expected to be negligible and acreage of agricultural land. The increase in
are not discussed further. All other changes evaporation on the fringes of the North Bay
are discussed below, is unlikely to have much effect on the salinity

of bay waters because the area involved in the
Natural Organic Matter - Much of the land conversion is small relative to the Bay’s
agricultural land bordering Suisun and San surface area.
Pablo Bays and the tidal reaches of tributary
streams is at an elevation below that of the Nutrients - Agricultural lands bordering the
Bay at high tide and is separated from it by North Bay are not generally heavily fertilized.
levees. The agricultural land is of low quality The conversion to wetlands would still be
and is used primarily for dry farming hay or expected to produce a modest reduction in
as pasture. Little of the land is irrigated, nitrate emissions.
Small acreages of irrigated pasture exist Direct Long-Term Impacts Compared To No
where there is a suitable water supply. Action Condition: The direct long-term
Excess runoff and irrigation water drains impacts compared to the No Action
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Condition will be similar to those compared erosion rates would be expected to be small.
to the existing condition. The changes in The flatness of the terrain also discourages
emission of various substances attributable to water-caused erosion.
the conversion of agricultural lands to aquatic Direct Long-Term Impacts Compared To
habitat will be the same. Existing Conditions: Action 4 does not
Indirect Impacts: Action 1 will produce no involve a permanent change in land use.
indirect impacts on water quality. Instead, agricultural lands would be managed

Determination Of Significance: for several months each year to increase
habitat value for waterfowl and other birds.

Action 4: Restore seasonal wetlands Agricultural land which would otherwise be
The acreage of seasonal wetlands will be wet but not inundated in the winter and early
increased by flooding agricultural lands for spring would be flooded. The change in land
several months in winter and early spring, management could produce a change in the
Small berms and other water control structure emission rate of various substances and their
will be built so that water is temporarily concentration in water bodies.
retained in shallow basins. The berms may Natural Organic Matter - The conversion of
be temporary or permanent. Water will be agricultural lands to seasonal wetlands will
primarily supplied by rainfall and surface likely increase the emission of natural organic
runoff. Approximately, 7,000 acres of matter (see discussion of Action 8 in the
agricultural lands will be used as seasonal Delta Region).
wetland. Crops, primarily pasture, will be
grown after the land is drained in early spring. Pesticides - Pesticide emissions are a result of

agricultural use of pesticides. The winter and
Direct Short-Term Impacts: Seasonal spfng time use of agricultural land as
wetlands may be created by simply delaying seasonal wetlands will not alter agricultural
the pumping out of diked off areas or by the activities on the land the remainder of the
construction of small berms and dikes, year. There will be no change in pesticide
Because the terrain is so fiat the berms will emissions.
rarely need to be higher than 2 or 3 feet.

Salts - As noted earlier, neither irrigatedThey may be permanent or may be rebuilt
agricultural lands nor wetlands are neteach year at the end of the growing season.
emitters of salts. However, the concentrationBerms will usually be constructed with native

soils available at the site but may be built of salts in various water bodies may change
as a result of altered evaporation rates.with imported materials. Because the berms

will be small and will not need to withstand Nutrients - The principal nutrient emitted by
high water pressures they will be build with agricultural land is nitrate. Almost all the
relatively light-weight construction nitrate is attributable to nitrogen fertilizers
equipment or agricultural machines, applied to cropland. Because crops will

continue to be grown on the land managed forConstruction of the berms could increase the
seasonal habitat there will be no change inavailability of sediment for discharge to water

bodies. However, because the berms will be nitrate emissions.

build within agricultural fields, already Direct Long-Term Impacts Compared To No
subject to extensive ground disturbance Action Condition: The direct long-term
during cultivation, any increase in sediment impacts compared to the No Action
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Condition will be similar to those compared riparian corridor is fragmented will be
to the existing condition. The changes in reduced by lesser amounts. Decreased water
emission of various substances attributable to temperature will also result in increased
the seasonal use of agricultural lands as dissolved oxygen concentrations.
wetlands. Concentrations of the substances in Direct Long-Term Impacts Compared To No
the delta will be slightly altered because of Action Condition: The direct long-term
the different flow regime prevailing under the impacts compared to the No Action
No Action Condition. Condition will be the same as those compared
Indirect Impacts: Action 4 will produce no to the existing condition.
indirect impacts on water quality. Indirect Impacts: Action 5 will produce no
Action 5: Restore riparian habitat indirect impacts on water quality.

Riparian vegetation and riverine aquatic
habitat will be restored along the Napa and 5.2    WATER QUALITYPetaluma Rivers, Sonoma Creek and along
waterways in Suisun Marsh and San Pablo PROGRAM
Bay. Fifty to 75 miles will be restored. The Water Quality Program consists of a
Restoration procedures will depend on series of actions designed to improve water
circumstances at a particular site. Restoration quality in the Bay-Delta system and support
in stream reaches without levees or riprap all beneficial uses including drinking water
would involve cleating of non-native supply, recreation, agricultural and industrial
vegetation, minor regrading and replanting water supply and protection and enhancement
with appropriate native species. Depending of aquatic life. The program includes
on the characteristics of the adjacent land use, programmatic actions to reduce water quality
fencing of the riparian area to exclude degradation from agricultural drainage, urban
livestock may be necessary, and industrial runoff, mine drainage and
Direct Short-Term Impacts: A setback levee municipal and industrial wastewater
would be built behind the existing levee, the discharges. Most actions involve a reduction
existing levee demolished, and the materials in discharge of constituents of concern to
used to create a streamside bench on which waterways; others involve changes in timing
riparian vegetation would be planted. The of wastewater release and relocation of water
direct short-term impacts would be similar to supply intakes. The actions are organized by
those of Action 1 in the Bay Region. geographic region.

Long-Term Impacts Compared To The It should be noted that Water Quality
Existing Condition: The restoration of Program relies on improved enforcement of
corridors of riparian vegetation will increase existing regulations and provision of
shading of stream waters. The only water incentives for action that goes beyond current
quality parameter directly affected will be regulations. The actions do not currently
temperature. Water temperature in small involve new regulations. However,
streams where a dense canopy shades much consistent with CALFED’s adaptive
of the water surface for thousands of feet management philosophy, new regulations
could be reduced by several degrees. Water may be proposed later if the current actions
temperature in broader streams and where the prove ineffective.
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SACRAMENTO RIVER BASIN mines. Because the behavior of dissolved
and particulate metals in natural aquaticAction 1: Reduce heavy metals emissions

by source control and treatment of mine systems is complex it is difficult to predict

" drainage
the consequences further downstream.
Although, high loads .of metals enter

Drainage from inactive and abandoned mines Sacramento River basin from inactive mines
has been identified as an important source of only a fraction of the total load appears to

° cadmium, copper and zinc in the Sacramento enter the Delta (1). This may be because the
River drainage. Major mines include Iron metals form complexes with inorganic or
Mountain and Afterthought Mines in the organic substances and accumulate or decay
Redding area, Cherokee Mine in the Feather in the system upstream of the delta.
River drainage, and Manzanita Mine on Alternatively, it may simply be an indication
Cache Creek. Heavy metals emissions will that measurement methods and the estimates
be reduced by sealing mines, removing and based on them may be flawed. In general, it
capping tailings piles, diverting streams seems probable that Action 1 will result in a
around metals sources and by removal of substantial reduction in metals concentrations
contaminated sediments from stream beds. in the Sacramento River and the Delta.
Metals emissions will be reduced by 25 to
30%. Direct Long-Term impacts Compared to No

Action Alternative The direct long-term
Direct Short-term Impacts The construction impacts compared to the No Action
activities needed to reduce heavy metals Condition would be similar to those
discharges from inactive mines will vary from compared to the existing condition. The
site to site depending on circumstances, reduction in emission of various substances
Generally it can be expected that considerable attributable to reductions in mine drainage
earthwork will be necessary. During and would be the same. Concentrations of
immediately following construction, soil substances in Bay-Delta system waters would
erosion will be accelerated and sediment will be slightly altered because of the different
be discharged to streams. Some temporary flow regime prevailing under the No Action
increase in metals discharge may occur due to Condition.
disruption of tailings and exposure of new

Indirect Impacts Action 1 will have nosurfaces to weathering,
indirect impacts.

Direct Long-Term Impacts Compared to
Existing Condition Table 5-7 shows Significant Impacts and Mitigation Measures

Construction activities associated withestimates of metals loadings to the waters of
the Sacramento Valley below the major implementation df Action 1 could have

reservoirs from all sources. Inactive mines locally significant adverse impacts on water

are the predominant source of cadmium, quality. It is expected that the impacts can be
reduced to insignificance by the applicationcopper and zinc in the region. Reduction of
of conventional construction site mitigationcadmium, copper and zinc emissions by 25 to¯

30% will reduce the total loadings to the measures.

basin by a similar amount. Action 1 will have no long-term significant
adverse effects on water quality. It can be- Metals concentrations in water and sediment

can be expected to decline in the streams expected to have a significant beneficial on
water quality both in streams near the inactiveimmediately downstream of the inactive
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TABLE 5-7

SELECTED METALS LOADS IN SACRAMENTO RIVER BASIN
(thousands of pounds)

Source Cadmium ’Copper Zinc

Agriculture 0.65 41 88
Mine drainage 96 274 930
Municipal and industrial wastewater 0.27 9 34
Urban runoff 0.58 24 131

Totals 97.5 348 1183

Source: CALFED Water Quality Loadings Analysis. April 30, 1997.
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mines and downstream. The beneficial management practices include non-structural
effects will be most apparent close to the source controls and structural controls.
mines. Commonly employed non-structural controls

include stenciling of drain inlets and public" Action 2: Reduce emissions of
education to discourage disposal ofcontaminants in urban and industrial

runoff by provision of incentives and inappropriate substances in storm drains.
Structural controls include stormwater¯           enforcement of existing regulations
treatment devices and elimination of illicit

Urban stormwater runoff is a large volume sanitary connections to storm drainage
dilute waste stream. Stormwater runoff from systems. Most current stormwater
urban areas typically contains higher management plans rely heavily on non-
concentrations of metals, suspended solids, structural controls, essentially urban "good
nutrients, oil and grease, pesticides and housekeeping" measures. Structural controls
bacteria than runoff from undeveloped lands, are usually limited to the elimination of illicit
Concentrations of some of these substances in connections. Few plans call for retrofitting
runoff from the city of Sacramento are shown urban drainage systems with treatment
in Table 5-8. Contaminants of concern found devices, although some require installation of
at elevated levels in surface runoff include treatment systems in new development.
cadmium, copper, zinc, nitrate, pathogenic Permits typically call for the implementation
microbes and diazinon, of stormwater management plans but do not
Until the 1980s, discharges of stormwater contain any numerical effluent limits or other

runoff were essentially unregulated. In 1987, numerical performance standards.
the Clean Water Act was amended to require Industrial stormwater management plans
pel mits for discharges of stormwater from similarly rely on best management practices
urban and industrial lands to the waters of the to reduce the discharge of contaminated
United States. Regulations promulgated by runoff. Typical industrial best management
the U. S. Environmental Protection Agency in practices include storage of materials under
1990 required that industries with the cover to minimize contact with rain, purchase
potential to generate contaminated of equipment and development of procedures
stormwater, and cities with populations for spill clean up, and routing of washwater
exceeding 100,000, prepare stormwater to sanitary sewers rather than to storm drains.
management plans and apply for discharge
permits. Draft regulations are currently being Action 2 involves the vigorous enforcement

considered which would extend the program of current regulations, in effect the
stormwater management plans. It is assumedto cities with populations less than 100,000.
that future regulations will extend theWithin the Sacramento River basin,
stormwater management program to smallerSacramento is the only city that has prepared

a stormwater management plan and received cities, perhaps those with populations over
10,000. Economic penalties for non-a permit to discharge stormwater.
compliance will be imposed and incentives¯

Municipal stormwater management plans given for controls that exceed the minimum
prepared pursuant to the Clean Water Act required.
typically rely on a number of"best

Direct Short-term Impacts Most stormwatermanagement practices" to reduce the
discharge of contaminated runoff. Best management plans rely to a considerable

degree on education and behavioral change
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TABLE 5-8

TYPICAL CHARACTERISTICS OF URBAN RUNOFF
FROM SACRAMENTO AREA

Event Mean Concentration
Constituent Unit Wet Weather Dry Weather

Ammonia (as N) mg/l 0.59 0.45
Biological Oxygen Demand mg/1 16 6.1
Nitrate mg/1 1.63 1.36
Oil and Grease mg/1 2.3 < 0.5
Total Phosphorus mg/1 0.36 0.51
Total Dissolved Solids mg/l 57 217
Total Suspended Solids mg/1 84 9.4
Total Cadmium ~tg/l 0.63 0.27
Total Chromium ~tg/1 6.3 0.7
Total Copper ~tg/l 21 7.9
Total Lead ~tg/l 27 , 1.5
Total Zinc ~tg/1 159 61

Source: Sacramento County Stormwater Program. Annual Report 1996.
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rather than construction of new facilities, control than the processes in a city. There is
Where existing drainage systems are no data to support this conjecture however.
retrofitted with new stormwater treatment It also difficult to see how provision of
facilities construction impacts similar to those incentives would encourage a level of control
associated with typical urban drainage of surface runoff pollutants that goes beyond
projects can be expected. They include existing regulatory requirements in currently
temporary increases in soil erosion and

built up areas. Incentives may be more
¯           sediment emission due to ground breaking,       effective in encouraging the building-in of

Direct Long-Term Impacts Compared to surface runoff control measures into new
Existing Condition Because efforts to control development. Units of government with
pollutants in stormwater are in their infancy, authority over land use could encourage
it is difficult to judge their effectiveness, developers to incorporate additional surface
Where certain source controls have been in runoff controls in their projects by offering
place for several years, primarily programs to increased allowable densities or other similar
educate the public on the proper use of storm incentives.
drains, the available data do not indicate any Because of uncertainties regarding the
marked change in runoff quality. While effectiveness of current urban and industrial
education may change human behavior, for surface runoff controls and incentive-drivenexample illicit dumping in storm drains, it is programs intended to enhance their
doubtful that the targeted human behaviors effectiveness an assumption has to be made to
contribute greatly to the overall urban runoff complete the impact assessment. It is
pollutant load. It is, thus, unlikely that assumed that aggressive enforcement of
programs that emphasize source controls and existing regulations, aggressive public
elimination of illicit connections will education and provision of incentives will
substantially reduce the emission of urban reduce pollutant mass emissions in urban and
runoff pollutants. Most of the more industrial runoff from already built up areas
significant pollutants in urban runoff are by 5% and in yet-to-be developed areas by
attributable to vehicle use, air pollutant 20% (2). An average reduction of 10% is
fallout, pesticide use and substances washing assumed for the comparison to the existing
off buildings. Such sources are difficult to condition (3).
control and are largely unaffected by common
non-structural best management practices. Table 5-7 shows estimated cadmium, copper

and zinc loads from all sources in the
Industrial source control measures are Sacramento River basin. The proportion of
probably more effective than municipal the cadmium load attributable to urban and
source control measures for a number of industrial runoff is less than 1%.
reasons. Industrial sites are relatively small Corresponding proportions for copper and
and because they are controlled by a single zinc are 7% and 11%. Implementation of
owner they are easier to manage. Operating Action 2 and a consequent reduction in

, practices can be prescribed that minimize the metals loads from urban and industrial runoff
generation of polluted runoff and employees of about 10% will have little effect on basin-
can be required to adhere to them. The wide metals load and water and sediment
processes that cause the generation of quality. It could have a minor beneficial
polluted runoff are also inherently easier to effect on water quality in small streams in

urban areas.
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One area where more vigorous enforcement mass emission of pesticides from urban areas
of existing regulations could be effective is is small compared to that from agriculture.
control of sediment from construction sites.

Direct Long-Term Impacts Compared to NoNumerous investigators have indicated that Action Condition The population of the           °
construction sites are an Important source of Central Valley is expected to grow from 4.6
sediment discharge in urban areas million in 1997 to 7.2 million in 2020, an
(Washington Area Council of Governments). increase of approximately 60%. Assuming
Most stormwater management plans call for that new urban areas have the same average
the application of best management practices density as existing areas, the acreage of land
to control erosion at construction sites. devoted to urban uses, and the emission of
Compliance is often imperfect because cities pollutants in urban runoff will also increase
and counties lack the staff to conduct the
appropriate inspections. A reduction in

by 60%. Water quality would deteriorate in
response to increased pollutant emissions

sediment loads will benefit water quality in with the effects most noticeable near
small streams in urban areas but will have stormwater outfalls. Implementation of this
little impact on regional suspended solids action would reduce the rate of increase of
loads and water turbidity. At a regional scale, pollutant emissions between 1997 and 2020.
water turbidity associated with construction is Pollutant emissions would increase by about
probably insignificant relative to turbidity 40% rather than 60%. Thus, implementation
associated with agriculture, of the Water Quality Program would improve
The small decrease in nutrient loads in urban water quality compared to the No Action
and industrial runoff attributable to Action 2 Condition. However, it would still
is unlikely to have much effect on regional deteriorate relative to existing conditions.
water quality. Nutrient loads from agriculture In circumstances where urban runoff
dwarf those from urban areas, discharges cause violations of in-stream
Most stormwater monitoring studies report standards, regulatory agencies may require
that pesticides are not detected at the part per higher levels of control to counteract
billion level. However, in recent years, population-driven declines in water quality.
researchers have noted that certain pesticides It is not clear if practical urban stormwater
commonly used in urban areas can have toxic control measures capable of reducing
effects on aquatic life at concentrations less pollutant loads by 50 or 60% are available.
than 1 part per billion. Analyses of urban Indirect Impacts Action 2 will have no
runoff using detection limits below one part indirect impacts.
per billion often detect diazinon and less
frequently, chlorpyrifos. Because education Significant Impacts and Mitigation Measures
programs regarding the use of pesticides are Construction activities associated with
commonly a part of urban stormwater plans, implementation of Action 2 could have
some minor reduction in pesticide emissions locally significant impacts on water quality. It
can be expected from implementation of is expected that the impacts can be reduced to
Action 2. The 10% reduction assumed above insignificance by the application of
for other stormwater constituents is probably conventional construction site mitigation
reasonable. This reduction would produce measures.
minor benefits in urban streams but would Action 2 will have no long-term significant
have little effect on downstream waters. The adverse effects on water quality. It can be
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expected to have a minor beneficial effect on Elimination System (NPDES). The Clean
water quality in streams within urban and Water Act established the NPDES, a
industrial areas. Downstream effects will be nationwide permitting system administered in

, beneficial but insignificant. California by the State Water Resources
Control Board and the Regional Boards.Action 3: Reduce emissions of

contaminants from wastewater treatment Discharge permits typically contain numerical
effluent limits., plant discharges by provision of incentives

and enforcement of existing regulations Action 3 involves the vigorous enforcement
of existing regulations affecting wastewaterUntreated municipal and industrial

wastewater contains many constituents of discharge, in effect the effluent limits and the

concern including metals and trace elements, pretreatment requirements, and the provision

natural and synthetic organic chemicals, salts, of incentives to encourage reductions in

nutrients and suspended solids. The federal pollutant discharge that go beyond current

Clean Water Act requires that all municipal regulations.

and industrial wastewater receive at least It is expected that the effectiveness of Action
secondary treatment before it is discharged to 3 will be limited. Unlike the urban runoff
the waters of the United States (5). control program described under Action 2
Secondary treatment of municipal wastewater above, the program to control municipal and
removes about 85% of the biochemical industrial wastewater is mature, having been
oxygen demand and total suspended solids in in place for more than 20 years. The
the wastewater and smaller proportions of Regional Boards already vigorously enforce
metals, trace elements and nutrients. Higher the effluent limits they place on dischargers.
levels of treatment are required ff the It is not clear that even more vigorous
application of secondary treatment does not enforcement of effluent limits would yield
result in compliance with in-stream water any useful results although some
quality standards, improvements might result from more

Certain substances, for example heavy vigorous enforcement of pretreatment

metals, which are not removed very programs by dischargers themselves. It is
also not clear how incentives could beeffectively in municipal wastewater treatment

plants are addressed by pretreatment provided to encourage further pollutant

programs. Pretreatment programs seek to discharge reductions. For the purpose of
environmental impact assessment it isminimize the discharge of toxic metals to the

municipal wastewater collection system by assumed that Action 3 will result in 0 to 10%

requiting industries that discharge to the reduction in waste loads from municipal and

sewer to reduce the concentrations of industrial treatment plants with the high end

offending substances before they enter the of the range used in the analysis.

municipal sewer. Pretreatment programs Direct Short-term Impacts Any construction
have been relatively successful in reducing activities associated with Action 3 would be

¯ the metals content of treated municipal concentrated at municipal wastewater
wastewater discharges, treatment plants and at industrial facilities.

The acreage of land disturbed by constructionAll municipal and industrial wastewater
" discharges are the subject of permits issued will be small. The relatively minor

pursuant to the National Pollutant Discharge
environmental impacts of construction
activities could be further lessened by the
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incorporation of commonly applied near wastewater outfalls. Implementation of
construction mitigation measures. These this action would reduce the rate of increase
would include erosion control measures to of pollutant emissions between 1997 and
prevent the discharge of sediment from 2020. Pollutant emissions would increase by
disturbed land and proper storage and about 50% rather than 60%. Thus,
handling of fuel and construction materials, implementation of the Water Quality Program

would improve water quality compared to theDirect Long-Term Impacts Compared to
No Action Condition. However, it would stillExisting Condition Because the Sacramento deteriorate relative to existing conditions.Valley is lightly populated there are few large

municipal wastewater discharges. Such a deterioration in water quality as a
Dischargers with an average daily dry result of population growth is unlikely to be
weather flow greater than 1 mgd include the acceptable to regulatory agencies. In many
cities of Sacramento, Red Bluff, Redding, cases, regulatory agencies are likely to
Marysville, Yuba City, Oroville and Chico. impose more stringent effluent limits in order
The characteristics of Sacramento wastewater to maintain compliance with in-stream
effluent are shown in Table 5-9. The total standards. Municipalities and industries will
average daily dry weather flow of municipal have to increase treatment levels in order to
wastewater is 200 mgd of which about 75% meet the standards.
comes from Sacramento (6). Emission Indirect Impacts A potential indirect effect of
reductions attributable to Action 3 and
upstream of Sacramento would be felt close

vigorous enforcement of effluent limits and
pretreatment requirements is industry

to the points of discharge and would result in relocation. If wastewater management costs
minor water quality improvements. Because for industries increase they may choose to
of the small volume and wide distribution of relocate to areas where wastewater treatment
the municipal wastewater loads there would costs are less. The environmental impacts of
be little effect on regional water quality. The wastewater disposal are then transferred from
reduction in emission from the Sacramento one place to another. Any indirect impacts of
would have a greater effect particularly Action 3 would be expected to be minor
during low river flow periods because of the

because the action itself is minor in that it
volume of the discharge. A minor does not call for more stringent standards,
improvement would occur in the reach of the only enforcement of those that already exist.
Sacramento River below the discharge.

Direct Long-Term impacts Compared to No Significant Impacts and Mitigation Measures
Action Alternative The population of the Action 3 would tiave no significant adverse
Central Valley is expected to grow from 4.6 effects on water quality. It would produce
million in 1997 to 7.2 million in 2020, an minor beneficial effects close to the points of
increase of approximately 60%. Assuming wastewater discharge but little effect on
that the per capita emission of pollutants in regional water quality.
wastewater remains constant and wastewater
treatment levels remain the same, the
emission of pollutants in urban runoff will
increase by 60%. Water quality would
deteriorate in response to increased pollutant
emissions with the effects most noticeable
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TABLE 5-9

SACRAMENTO REGIONAL COUNTY SANITATION DISTRICT
EFFLUENT QUALITY

Constituent Unit Concentration

Oil and Grease p.g/l 1,700
Total Cadmium ~tg/l 0.33
Total Copper ~tg/l 17
Total Lead lag/1 2

Total Mercury ~tg/1 0.02
Total Zinc ~tg/l 91

Source: CRWQCB. A Mass Loading Assessment of Major Point and Non-Point
Sources Discharging to Surface Waters in the Central Valley. 1985.
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Action 4: Reduce emissions of cultivation. There would be no short-term
contaminants in agricultural surface direct impacts.
runoff by provision of incentives and Direct Long-Term Impacts Compared to
enforcement of existing regulations Existing Condition Although some data is
Surface runoff from agricultural areas available on the effectiveness of measures to
typically contains suspended solids, nutrients control emission of sediment, nutrients and
and pesticides. Unlike runoff from urban and pesticides in agricultural runoff, it is usually
industrial areas, runoff from agricultural areas obtained from small plot studies and is
is not regulated under the Clean Water Act. subject to great variability. Also, because
Pesticide discharges are regulated by the Stategradual runoff is usually unregulated,
of California. The Central Valley Basin implementation of control measures is
Water Quality Control Plan prohibits the voluntary. For the purpose of this analysis, it
discharge of irrigation return flow containing is assumed than an area-wide reduction in
certain pesticides (including carbofuran, one nutrients, pesticides and sediment emissions
of the constituents of concern) unless of 10% is achievable without further
management practices approved by the regulation.
Regional Water Quality Control Board are The effects of the reduction is contaminant
adhered to. discharge in agricultural runoff would
Pollutant concentrations in agricultural runoff primarily benefit water quality in drainage
can be reduced by the application of a numberchannels and streams within or dose to
of best management practices. Soil erosion agricultural lands. However, because about
and the discharge of sediment to waterways 12% of the land in the Sacramento Valley
can be reduced by changes in cultivation Region is irrigated agriculture, the total
methods including no till cultivation, reduction in contaminant loads would be
allowing crop residues to remain on the large.
surface soil, contour ploughing, etc. Nutrient

Direct Long-Term Impacts Compared to No-
and pesticide loads can be reduced by Action Condition The direct long-term
applying only the minimum quantities of impacts compared to the No-Action
fertilizers and pesticides necessary to promote

Condition would be similar to those
healthy growth of crops. In the Sacramento compared to the existing condition.
Valley, where rice is a major crop, pesticide
discharge to waterways can also be reduced SAN JOAQUIN RIVER BASIN
by recycling and holding tailwater to allow Action 1: Reduce heavy metals emissions
pesticides to decompose. A cooperative by source contrrl and treatment of mine
program of rice growers and the Central drainage
Valley Basin Regional Water Quality Control
Board have been very successful in reducing Drainage from inactive and abandoned mines

pesticide emissions in the late 1980s and has been identified as a source of cadmium,

early 1990s. zinc and mercury in the San Joaquin River
drainage. The principal mine in the basin is

Direct Short-Term Impacts Most of the the New Idria mine in San Benito County.
measures used to control emission of Heavy metals emissions will be reduced by
contaminants in agricultural runoff do not sealing mines, removing and capping tailings
involve construction or ground disturbance in piles, diverting streams around metals sources
excess of that already associated with and by removal of contaminated sediments
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from stream beds. Metals emissions are general, it seems probable that Action 1 will
expected to be reduced by 25 to 30%. result in a minor reduction in metals

concentrations in the San Joaquin River and
Direct Short-term Impacts The construction

the Delta.activities needed to reduce heavy metals
discharges from inactive mines will vary from Direct Long-Term impacts Compared to No
site to site depending on circumstances. Action Alternative The direct long-term
Generally it can be expected that considerable impacts compared to the No Action
earthwork will be necessary. During and Condition would be similar to those
immediately following construction, soil compared to the existing condition. The
erosion will be accelerated and sediment will reduction in emission of various substances
be discharged to streams. Some temporary attributable to reductions in mine drainage
increase in metals discharge may occur due to would be the same. Concentrations of
disruption of tailings and exposure of new substances in Bay-Delta system waters would
surfaces to weathering, be slightly altered because of the different

flow regime prevailing under the No ActionDirect Long-Term Impacts Compared to
Existing Condition Data on metals loads Condition.

from all sources in the San Joaquin basin are Indirect Impacts Action 1 will have no
incomplete; the available estimates are shown indirect impacts.
in Table 5-10. Because mine drainage does Significant Impacts and Mitigation Measures
not appear to be a very significant source of Construction activities associated with
cadmium or copper, a reduction of 25 to 30% implementation of Action 1 could have
will not have much effect on total loadings to locally significant impacts on water quality. It
the basin. Mine drainage contributes a is expected that the impacts can be reduced to
considerable proportion of total zinc insignificance by the application of
emissions in the basin and so a 25 to 30% conventional construction site mitigation
reduction will reduce total basin loads by measures.
perhaps 15%.

Action 1 will have no long-term significant
Metals concentrations in water and sediment adverse effects on water quality.. It can be
can be expected to decline in the streams expected to have a significant beneficial on
immediately downstream of the inactive water quality both in streams near the inactive
mines. Because the behavior of dissolved mines and downstream. The beneficial
and particulate metals in natural aquatic effects will be most apparent close to the
systems is complex it is difficult to predict mines.
the consequences further downstream.
Although, considerable loads of some metals Action 2: Reduce emissions of
enter the San Joaquin River basin from contaminants in urban and industrial
inactive mines only a fraction of the total runoff by enforcement of existing
load appears to enter the Delta. This may be regulations and provision of incentives
because the metals form complexes with Action 2 involves the vigorous enforcement
inorganic or organic substances and of current stormwater regulations which
accumulate or decay in the system upstream currently apply to cities with populations over
of the Delta. Alternatively, it may simply be 100,000 and certain industries. In the San
an indication that measurement methods and Joaquin River basin the only urban area that
the estimates based on them are flawed. In has prepared a stormwater management plans
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TABLE 5-10

SELECTED METAL LOADS
IN SAN JOAQUIN BASIN
(thousands of pounds/yr)

Source Cadmium Copper Zinc

Mine Drainage 0.04 4 116
Municipal and industrial wastewater 0.20 NA NA
Urban Runoff 0.19 9 NA

Totals 0.43 13 116

NA- Not Analyzed
Source: CalFed Water Quality Loading Analysis. April 30, 1997.

5-46
x:~alfed~mpact-r~S9634 010 Tbl 5-10

C--004044
C-004044



and received a stormwater discharge permit is devoted to urban uses, and the emission of
the City of Modesto. The characteristics of pollutants in urban runoff will also increase
urban stormwater runoff in Modesto are by 60%. Water quality would deteriorate in

~ shown in Table 5-11. It is assumed that response to increased pollutant emissions
future regulations will extend the stormwater with the effects most noticeable near
management program to smaller cities, stormwater outfalls. Implementation of this
perhaps those with populations over 10,000. action would reduce the rate of increase of

~ Economic penalties for non-compliance will pollutant emissions between 1997 and 2020.
be imposed and incentives given for controls Pollutant emissions would increase by about
that exceed the minimum required. 40% rather than 60%. Thus, implementation

of the Water Quality Program would improveBecause of uncertainties regarding the
water quality compared to the No Actioneffectiveness of current urban and industrial
Condition. However, it would stillsurface runoff controls, and incentive-driven

programs intended to enhance their deteriorate relative to existing conditions.

effectiveness, an assumption has tO be made Indirect Impacts Action 2 will have no
to complete the impact assessment. It is indirect impacts.
assumed that aggressive enforcement of

Significant Impacts and Mitigation Measuresexisting regulations and provision of
Construction activities associated withincentives will reduce pollutant mass implementation of Action 2 could have

emissions in urban and industrial runoff from locally significant impacts on water quality. It
already built up areas by 5% and in yet-to-be is expected that the impacts can be reduced to
developed areas by 20%. An average insignificance by the application of
reduction of 10% is assumed. conventional construction site mitigation
Direct Long-Term Impacts Compared to measures.
Existing Conditions Urban and industrial Action 2 will have no long-term significant
runoff loads probably represent a adverse effects on water quality. It can be
considerable proportion of total metals loads expected to have a minor beneficial on water
in the San Joaquin River basin. quality in streams within urban and industrial
Implementation of Action 2 would decrease areas. Downstream effects will be beneficial
metals loads from urban and industrial runoff but insignificant.
by about 10%. If metals in urban runoff
represented one-third of the total basinwide Action 3: Reduce emissions of
load then the overall decrease would be 3%. contaminants from wastewater treatment
Such a reduction will have a minor beneficial plant discharges by provision of incentives
effect on water quality with the greatest effect and enforcement of existing regulations
felt in small streams in urban areas where General Description of Action Untreated
flow consists primarily of urban runoff, municipal and industrial wastewater contains
Direct Long-Term Impacts Compared to No many constituents of concern including

- Action Condition The population of the metals and trace elements, natural and
Central Valley is expected to grow from 4.6 synthetic organic chemicals, salts, nutrients
million in 1997 to 7.2 million in 2020, an and suspended solids. The federal Clean

¯ increase of approximately 60%. Assuming Water Act requires that all municipal and
that new urban areas have the same average industrial wastewater receive at least
density as existing areas, the acreage of land secondary treatment before it is discharged to
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TABLE 5-11

CHARACTERISTICS OF URBAN STORMWATER RUNOFF IN MODESTO

Constituent Units Event Mean Concentration

Total Suspended Solids mg/1 201
Biological Oxygen Demand mg/l 145

Total Copper p.g/1 45
Total Lead ~tg/l 38
Total Zinc ~tg/l 377

Total Petroleum Hydrocarbons ~tg/1 1,000

Range O0

Diazinon lag/1 0.056- 1.0
Chlorpyrifos lag/1 0.03 - 0.25

<l) Data collected at Bodem Street Manhole. Concentrations are average values
for three sampling events between 1993-1995. Concentrations represent first flush conditions.

to) Range of concentrations from USGS monitoring of five Modesto urban runoff sites.

Source: Archibald & Wallberg Consultants. City of Modesto 1995-1996 Stormwater Monitoring
Report. June t996.
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the waters of the United States. Secondary weather flow of municipal wastewater is
treatment of municipal wastewater removes about 35 mgd. The characteristics of
about 85% of the biochemical oxygen Modesto’s wastewater effluent are shown in

~ demand and total suspended solids in the Table 5-12. The 10% reduction in waste
wastewater and smaller proportions of metals, loads attributable to Action 3 would improve
trace elements and nutrients. Higher levels of water quality conditions close to the points of
treatment are required if the application of discharge particularly in circumstances where
secondary treatment does not resuk in the discharge represents a substantial
compliance with in-stream water quality proportion of the flow in the receiving water.
standards. The action would have little effect on

Action 3 involves the vigorous enforcement regional water quality conditions.

of existing regulations affecting wastewater Direct Long-Term impacts Compared to No
discharge, in effect the effluent limits and the Action Alternative The population of the
pretreatment requirements, and the provision Central Valley is expected to grow from 4.6
of incentives to encourage reductions in million in 1997 to 7.2 million in 2020, an
pollutant discharge that go beyond current increase of approximately 60%. Assuming
regulations, that the per capita emission of pollutants in

For the purpose of environmental impact wastewater remains constant and wastewater

assessment it is assumed that Action 3 will treatment levels remain the same, the
emission of pollutants in urban runoff willresult in 0 to 10% reduction in waste loads
increase by 60%. Water quality wouldfrom municipal and industrial treatment
deteriorate in response to increased pollutantplants with the high end of the range used in

the analysis, emissions with the effects most noticeable
near wastewater outfalls. Implementation of

Direct Short-term Impacts Any construction this action would reduce the rate of increase
activities associated with Action 3 would be of pollutant emissions between 1997 and
concentrated at municipal wastewater 2020. Pollutant emissions would increase by
treatment plants and at industrial facilities, about 50% rather than 60%. Thus,
The acreage of land disturbed by construction implementation of the Water Quality Program
will be small. The relatively minor would improve water quality compared to the
environmental impacts of construction No Action Condition. However, it would still
activities could be further lessened by the deteriorate relative to existing conditions.
incorporation of commonly applied

Indirect Impacts An indirect effect ofconstruction mitigation measures. These
would include erosion control measures to vigorous enforcement of effluent limits and

prevent the discharge of sediment from pretreatment requirements is industry

disturbed land and proper storage and relocation. If wastewater management costs

handling of fuel and construction materials, for industries increase they may choose to
relocate to areas where wastewater treatment

Direct Long-Term Impacts Compared to costs are less. The environmental impacts of~ Existing Condition Dischargers with an wastewater disposal are then transferred from
average daily dry weather flow greater than 1 one place to another. Any indirect impacts of

¯ mgd in the San Joaquin Valley include the Action 3 would be expected to be minor
cities of Modesto, Turlock, Ceres, Merced because the action itself is minor in that it
and Atwater. The total average daily dry does not call for more stringent standards,
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TABLE 5-12

CITY OF MODESTO WATER QUALITY CONTROL FACILITY
1996 EFFLUENT QUALITY

Monthly Average Monthly Average
Concentration Concentration

Constituent Units (January) (May)

Total Suspended Solids mg/1 41 32
Biological Oxygen Demand mg/1 9.4 10.2

Oil and Grease mg/1 3.90 3.15
Ammonia (as N) mg/1 0.37 0.16

Organic N mg/1 12.3 9.6
Nitrate (as N) mg/1 0.06 0.22

Orthophosphate mg/1 1.88 2.56
Conductivity lamo s/cm 1298 1020

Source: City of Modesto Public Works and Transportation Department Industrial Waste Division 1996.
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only enforcement of those that already exist, irrigated agriculture, the total reduction in
contaminant loads would be large.

Significant Impacts and Mitigation Measures
Action 3 would have no significant adverse Direct Long-Term Impacts Compared to No-
effects on water quality and consequently no Action Condition The direct long-term
mitigation measures would be required impacts compared to the No-Action
beyond conventional construction mitigation Condition would be similar to those
measures. It would produce minor beneficial compared to the Existing Condition.
effects close to the points of wastewater Action 5: Reduce emissions of
discharge but little effect on regional water contaminants in agricultural subsurface
quality, drainage by provision of incentives and
Action 4: Reduce emissions of enforcement of existing regulations
contaminants in agricultural surface
runoff by provision of incentives and
enforcement of existing regulations SACRAMENTO-SAN JOAQUIN DELTA

Direct Short-Term Impacts Most of the Action 1: Reduce heavy metals emissions
measures used to control emission of by source control and treatment of mine
contaminants in excess of that already drainage
associated with cultivation. There would be Drainage from inactive and abandoned mines
no short-term direct impacts, has been identified as a source of cadmium,
Direct Long-Term Impacts Compared to zinc and mercury in streams tributary to the
Existing Condition Although some data is Delta. Abandoned mines are located on the
available on the effectiveness of measures to Mokelumne (Penn and Newton mines) and
control emission of sediment, nutrients and Cosumnes Rivers and creeks tributary to the
pesticides in agricultural runoff, it is usually Yolo Bypass. Heavy metals emissions will
obtained from small plot studies and is be reduced by sealing mines, removing and
subject to great variability. Also, because capping tailings piles, diverting streams
agricultural runoff is usually unregulated, around metals sources and by removal of
implementation of control measures is contaminated sediments from stream beds.
voluntary. For the purpose of this analysis, it Metals emissions will be reduced by 25 to
is assumed that an area-wide reduction in 30%.
nutrient and sediment emissions of 10% is Direct Short-term Impacts The construction
achievable without further regulation. An activities needed to reduce heavy metals
area-wide reduction in pesticide emissions of discharges from inactive mines will vary from
20% is assumed based on the success of the site to site depending on circumstances.
cooperative pesticide reduction program Generally it can be expected that considerable
implemented by rice farmers in the earthwork will be necessary. During and
Sacramento Valley. immediately following construction, soil
The effects of the reductions in contaminant erosion will be accelerated and sediment will
discharge in agricultural runoff would be discharged to streams. Some temporary
primarily benefit water quality in drainage increase in metals discharge may occur due to
channels and streams within or close to disruption of tailings and exposure of new
agricultural lands. However, because about surfaces to weathering.
20% of the land in the San Joaquin Region is
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Direct Long-Term Impacts Compared to conventional construction site mitigation
Existing Condition Data on metals loads measures.
from all sources in the Delta are incomplete; Action 1 will have no long-term significant
the available estimates are shown in Table 5- adverse effects on water quality. It can be
13. Because mine drainage does not appear expected to have a significant beneficial on
to be a very significant source of cadmium or water quality both in streams near the inactive
copper, a reduction of 25 to 30% will not

mines and downstream. The beneficialhave much effect on total loadings to the
effects will be most apparent close to the

basin. Mine drainage contributes a mines.
considerable proportion of total zinc
emissions in the basin and so a 25 to 30% Action 2: Reduce emissions of
reduction will reduce total basin loads by contaminants in urban and industrial
perhaps 15%. runoff by enforcement of existing

Metals concentrations in water and sediment
regulations and provision of incentives

quality can be expected to decline in the Action 2 involves the vigorous enforcement
streams immediately downstream of the of current stormwater regulations which
inactive mines. Because the behavior of currently apply to cities with populations over
dissolved and particulate metals in natural 100,000 and certain industries. In the Delta
aquatic systems is complex it is difficult to the only urban area that has prepared a
predict the consequences further downstream, stormwater management plan and received a
However, it seems probable that Action 1 will stormwater discharge permit is San Joaquin
result in a minor reduction in metals County (including the City of Stockton). The
concentrations in the Delta itself, characteristics of typical urban stormwater

from Stockton are shown in Table 5-14. It is
Direct Long-Term impacts Compared to No assumed that future regulations will extend
Action Condition The direct long-term the stormwater management program to
impacts compared to the No Action smaller cities, perhaps those with populations
Condition would be similar to those over 10,000. Economic penalties for non-
compared to the existing condition. The compliance will be imposed and incentives
reduction in emission of various substances given for controls that exceed the minimum
attributable to reductions in mine drainage required.
would be the same. Concentrations of
substances in Bay-Delta system waters would Because of uncertainties regarding the
be slightly altered because of the different effectiveness of current urban and industrial
flow regime prevailing under the No Action surface runoff controls and incentive-driven
Condition. programs intended to enhance their

effectiveness an assumption has to be made to
Indirect Impacts Action 1 will have no complete the impact assessment. It is
indirect impacts, assumed that aggressive enforcement of
Significant Impacts and Mitigation Measures existing regulations and provision of
Construction activities associated with incentives will reduce pollutant mass
implementation of Action 1 could have emissions in urban and industrial runoff from
locally significant impacts on water quality. It already built up areas by 5% and in yet-to-be
is expected that the impacts can be reduced to developed areas by 20%. An average
insignificance by the application of
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TABLE 5-13

SELECTED METAL LOADS IN DELTA
(thousands of pounds/yr)

Source Cadmium Copper Zinc

Mine Drainage 0.04 4 116
Municipal and industrial wastewater 0.15 2 2
Urban Runoff 0.14 6 NA

Toml 0.33 12 118

NA- Not Analyzed
Source: CalFed Water Quality Loading Analysis. April 30, 1997.
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TABLE 5-14

TYPICAL CHARACTERISTICS OF
URBAN RUNOFF FROM STOCKTON

Event Mean Concentration

Constituent Unit Residential Commercial Industrial

Ammonia (as N) mg/i 0.53 0.62 0.43
Biological Oxygen Demand mg/1 13 11 13
Nitrate (as N) mg/1 0.42 0.39 0.63
Oil and Grease mg/1 0.9 1.1 1.5
Total Phosphorus mg/1 0.37 0.33 0.43
Total Dissolved Solids mg/1 65 50 105
Total Suspended Solids mg/1 53 58 222
Total Cadmium ug/1 0.34 0.85 0.62
Total Copper ug/1 11.3 18.6 15.7
Total Chromium ug/l 4.5 7.2 12.1
Total Lead ug/1 15.0 23.6 13.5
Total Zinc ug/l 119 194 139

Source: Kinnetic Laboratories, Inc. 1994. City of Stockton Municipal Storm Water Discharge
Management Program Task 3.1 Storm Water Characterization Study. January 14.
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reduction of 10% is assumed, implementation of Action 2 could have
locally significant impacts on water quality. It

Direct Long-Term Impacts Compared to is expected that the impacts can be reduced to
Existing Conditibn Total metals loads~
imposed on the Delta directly are relatively insignificance by the application of

conventional construction site mitigationsmall compared to those imposed in the
Sacramento and San Joaquin River basins, measures.

¯ Urban and industrial runoff loads probably Action 2 will have no long-term significant
represent a considerable proportion of total adverse effects on water quality. It can be
direct metals loads to the Delta. expected to have a minor beneficial on water
Implementation of Action 2 would decrease quality in streams within urban and industrial
metals loads from urban and industrial runoff areas. Downstream effects will be beneficial
by about 10%. If metals in urban runoff but insignificant.
represented one-third of the total basinwide Action 3: Reduce emissions of
load then the overall decrease would be 3%. contaminants from wastewater treatment
Such a reduction will have a minor beneficial plant discharges by provision of incentives
effect on water quality with the greatest effect and enforcement of existing regulations
felt in small streams in urban areas where
flow consists primarily of urban runoff. Untreated municipal and industrial

wastewater contains many constituents of
Direct Long-Term Impacts Compared to No concern including metals and trace elements,
Action Condition The population of the natural and synthetic organic chemicals, salts,
Central Valley is expected to grow from 4.6 nutrients and suspended solids. The federal
million in 1997 to 7.2 million in 2020, an Clean Water Act requires that all municipal
increase of approximately 60%. Assuming and industrial wastewater receive at least
that new urban areas have the same average secondary treatment before it is discharged to
density as existing areas, the acreage of land the waters of the United States. Secondary
devoted to urban uses, and the emission of treatment of municipal wastewater removes
pollutants in urban runoff will also increase about 85% of the biochemical oxygen
by 60%. Water quality would deteriorate in demand and total suspended solids in the
response to increased pollutant emissions wastewater and smaller proportions of metals,
with the effects most noticeable near trace elements and nutrients. Higher levels of
stormwater outfalls. Implementation of this treatment are required if the application of
action would reduce the rate of increase of secondary treatment does not result in
pollutant emissions between 1997 and 2020. compliance with in-stream water quality
Pollutant emissions would increase by about standards.
40% rather than 60%. Thus, implementation
of the Water Quality Program would improve Action 3 involves the vigorous enforcement
wate.r quality compared to the No Action of existing regulations affecting wastewater
Condition. However, it would still discharge, in effect the effluent limits and the
deteriorate relative to existing conditions, pretreatment requirements, and the provision

of incentives to encourage reductions in
Indirect Impacts Action 2 will have no pollutant discharge that go beyond current
indirect impacts, regulations.
Significant Impacts and Mitigation Measures For the purpose of environmental impact
Construction activities associated with assessment it is assumed that Action 3 will
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result in 0 to 10% reduction in waste loads that the per capita emission of pollutants in
from municipal and industrial treatment wastewater remains constant and wastewater
plants with the high end of the range used in treatment levels remain the same, the
the analysis, emission of pollutants in urban runoff will

increase by 60%. Water quality wouldDirect Short-term Impacts Any construction
deteriorate in response to increased pollutantactivities associated with Action 3 would be
emissions with the effects most noticeableconcentrated at municipal wastewater
near wastewater outfalls. Implementation oftreatment plants and at industrial facilities.

The acreage of land disturbed by construction this action would reduce the rate of increase

will be small. The relatively minor of pollutant emissions between 1997 and
2020. Pollutant emissions would increase byenvironmental impacts of construction
about 50% rather than 60%. Thus,activities could be further lessened by the

incorporation of commonly applied implementation of the Water Quality Program
would improve water quality compared to theconstruction mitigation measures. These
No Action Condition. However, it would stillwould include erosion control measures to
deteriorate relative to existing conditions.prevent the discharge of sediment from

disturbed land and proper storage and Improvements in oxygen economy of the San
handling of fuel and construction materials. Joaquin River near Stockton would be less

marked because of treatment improvements
Direct Long-Term Impacts Compared to

made as part of the No Action Alternative.Existing Condition Dischargers with an
average daily dry weather flow greater than 1 Indirect Impacts An indirect effect of
mgd in the Delta include the cities of vigorous enforcement of effluent limits and
Stockton, Lodi, Tracy and Davis. The total pretreatment requirements is industry
average daily dry weather flow of municipal relocation. If wastewater management costs
wastewater is approximately 50 mgd with for industries increase they may choose to
about 60% of it from Stockton. The relocate to areas where wastewater treatment
characteristics of current Stockton effluent costs are less. The environmental impacts of
are shown in Table 5-15. wastewater disposal are then transferred from

The 10% reduction in waste loads attributable one place to another. Any indirect impacts of

to Action 3 would improve water quality
Action 3 would be expected to be minor
because the action itself is minor in that itconditions close to the points of discharge
does not call for more stringent standards,particularly in circumstances where the

discharge is made to relatively quiescent only enforcement of those that already exist.

receiving waters. Oxygen depletion on the
San Joaquin River near the City of Stockton Significant Impacts and Mitigation Measures
would be slightly diminished. Action 3 would Action 3 would have no significant adverse
have little effect on regional water quality effects on water quality and consequently no
conditions, mitigation measures would be required

Direct Long-Term impacts Compared to No
beyond conventional construction mitigation
measures. It would produce minor beneficialAction Condition The population of the
effects close to the points of wastewaterCentral Valley is expected to grow from 4.6
discharge but little effect on regional watermillion in 1997 to 7.2 million in 2020, an

increase of approximately 60%. Assuming quality.
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TABLE 5-15

STOCKTON MAIN SEWAGE TREATMENT PLANT
1997 EFFLUENT QUALITY

Monthly Average Monthly Average
Concentration Concentration

Constituent Unit (January) (May)

Biological Oxygen Demand mg/l 4.3 5.4
Total Suspended Solids mg/l 11 20

Conductivity umhos/cm 1146 1304
Ammonia mg/1 18.3 < 0.2

Total Coliform MPN/100 ml < 2.0 < 2.0
Oil and Grease mg/1 < 5.0 < 5.0
Total Hardness mg/l 147 173

Total Dissolved Solids mg/1 623 769
Total Cadmium ~tg/1 NA NA
Total Copper p.g/1 NA NA
Total Lead ~tg/1 NA NA

Total Mercury ~tg/l NA NA
Total Selenium ~g/1 NA NA

Total Zinc ~tg/l NA NA

NA: Not Analyzed
Source: Stockton Main Sewage Treatment Plant. Monthly Self-Monitoring Data
for January and May 1097.

5-57
x:kcalfed\im pact-r~S9634.010 Tbl 5-15

C--004055
C-004055



Action 4: Reduce emissions of complete the impact assessment. It is
contaminants in agricultural surface assumed that aggressive enforcement of
runoff and drainage by provision of existing regulations and provision of
incentives and enforcement of existing incentives will reduce pollutant mass
regulations emissions in urban and industrial runoff from

already built up areas by 5% and in yet-to-be
developed areas by 20%. An average

Action 5: Relocate diversions to improve reduction of 10% is assumed.
water supply quality

Direct Long-Term Impacts Compared to
Existing Condition In San Francisco Bay

SAN FRANCISCO BAY metals loads from agriculture and abandoned
mines are thought to be very small relative to

Action 1: Reduce emissions of those from urban and industrial stormwater
contaminants in urban and industrial runoff and municipal and industrial
runoff by provision of incentives and wastewater discharges. Urban and industrial
enforcement of existing regulations runoff loads represent about 50% of the
Action 1 involves the vigorous enforcement metals load. Implementation of Action 2
of current stormwater regulations which would decrease metals loads from urban and
currently apply to cities with populations over industrial runoff by about 10%. This would
100,000 and certain industries. In the Bay produce a reduction in total metals emission
Area the following urban areas have preparedto the Bay of about 5%. Such a reduction will
stormwater management plans and received have a minor beneficial effect on water quality
stormwater discharge permits; Santa Clara with the greatest effect felt in small streams in
County, Alameda County, Contra Costa urban areas where flow consists primarily of
County, San Mateo County and the Cities of urban runoff. Some benefits would be felt in
Vallejo and Fairfield/Suisun. San Francisco the South Bay where there is little water
was not required to prepare a stormwater circulation in the summer months.
management plan because it does not have Direct Long-Term Impacts Compared to No
separate storm drainage system; sanitary Action Condition The population of the Bay
sewage and stormwater are collected in a Area is expected to grow from 6.1 million in
single combined system. Characteristics of 1997 to 6.9 million in 2020, an increase of
urban stormwater from Santa Clara County approximately 13%. Assuming that new
are shown in Table 5-16. It is assumed that urban areas have the same average density as
future regulations will extend the stormwater existing areas, the acreage of land devoted to
management program to cities with urban uses, and the emission of pollutants in
populations over 100,000. Economic urban runoffwill also increase by 13%.
penalties for non-compliance will be imposed Water quality would deteriorate in response to
and incentives given for controls that exceed increased pollutant emissions with the effects
the minimum required, most noticeable near stormwater outfalls.
Because of uncertainties regarding the Implementation of this action would reduce
effectiveness of current urban and industrial the rate of increase of pollutant emissions
surface runoff controls and incentive-driven between 1997 and 2020. Pollutant emissions
programs intended to enhance their would increase by about 3% rather than 13%.
effectiveness an assumption has to be made toThus, implementation of the Water Quality
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TABLE 5-16

TYPICAL CHARACTERISTICS OF URBAN RUNOFF
FROM SANTA CLARA COUNTY (STREAM STATIONS)

Event Mean Concentration
Constituent Unit Wet Weather Dry Weather

Total Kjeldahl Nitrogen mg/l 1.8 1.3
Biological Oxygen Demand mg/1 12.9 3.7
Turbidity NTU 198 7.7
Oil and Grease mg/l 2.3
Total Suspended Solids mgi1 336 9.3
Total Organic Carbon rag/1 11.4 5.4
Total Cadmium !ag/1 1.1 0.3
Total Copper ~tg/l 45.6 7.1
Total Chromium ~tg/l 36.0 3.4
Total Lead ~tg/1 49.2 1.4
Total Mercury p.g/l 0.3 0.3
Total Selenium ~tg/l 0.3 1.9
Total Zinc lag/1 186 14

Source: Woodward-Clyde Consultants. 1996. Monitoring Data Analysis Prepared for
Bay A~:ea Stormwater Management Agencies Association. June 5.
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Program would improve water quality compliance with in-stream water quality
compared to the No-Action Condition. standards.
However, it would still deteriorate slightly Action 2 involves the vigorous enforcement of
relative to existing conditions by the year existing regulations affecting wastewater2020. discharge, in effect the effluent limits and the
Indirect Impacts Action 1 will have no pretreatment requirements, and the provision
indirect impacts, of incentives to encourage reductions in

Significant Impacts and Mitigation Measures pollutant discharge that go beyond current

Construction activities associated with regulations.

implementation of Action 1 could have For the purpose of environmental impact
locally significant impacts on water quality. It assessment it is assumed that Action 2 will
is expected that the impacts can be reduced to result in 0 to 10% reduction in waste loads
insignificance by the application of from municipal and industrial treatment plants
conventional construction site mitigation with the high end of the range used in the
measures, analysis. One exception to this is the removal

Action 1 will have no long-term significant rate for selenium. Wastewaters from
adverse effects on water quality. It can be refineries are a major source of selenium in

the Bay Area. Enforcement of new rules forexpected to have a minor beneficial on water
quality in streams within urban and industrial selenium discharges could produce a
areas. Effects on the Bay will be beneficial considerable reduction in selenium loads to
but minor, the Bay.

Direct Short-term Impacts Any constructionAction 2: Reduce emissions of
activities associated with Action 2 would becontaminants from wastewater treatment concentrated at municipal wastewaterplant discharges by enforcement of treatment plants and at industrial facilities.existing regulations and provision of

incentives The acreage of land disturbed by construction
will be small. The relatively minor

Untreated municipal and industrial environmental impacts of construction
wastewater contains many constituents of activities could be further lessened by the
concern including metals and trace elements, incorporation of comraonly applied
natural and synthetic organics, salts, nutrients construction mitigation measures. These
and suspended solids. The federal Clean would include erosion control measures to
Water Act requires that all municipal and prevent the discharge of sediment from
industrial wastewater receive at least disturbed land ~d proper storage and
secondary treatment before it is discharged to handling of fuel and construction materials.
the waters of the United States. Secondary

Direct Long-Term Impacts Compared totreatment of municipal wastewater removes
about 85% of the biochemical oxygen Existing Condition Dischargers to San

demand and total suspended solids in the Francisco Bay with an average daily dry
weather flow greater than 5 mgd include thewastewater and smaller proportions of metals,

trace elements and nutrients. Higher levels of Central Costa County Sanitary District,
Central Marin Sanitation Agency, Delta-treatment are required if the application of
Diablo Sanitary District, East Bay Utilitysecondary treatment does not result in
District, Fairfield-Suisun Sewer District, East
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Bay Dischargers Authority, Livermore- action would reduce the rate of increase of
Amador Valley Water Management Agency, pollutant emissions between 1997 and 2020.
Napa Sanitation District, South Bayside Pollutant emissions would increase by about
System Authority, West County Wastewater 3% rather than 13%. Thus, implementation of
District, Vallejo Sanitation and Flood Control the Water Quality Program would improve
District and the cities of Palo Alto, water quality compared to the No Action
Sunnyvale, San Jose, South San Francisco, Condition. However, it would still deteriorate
San Francisco and San Mateo. There are 13 slightly relative to existing conditions by
major industrial dischargers including 5 2020.
petroleum refineries and 6 chemical Indirect Impacts An indirect effect of
manufacturers. The total average daily dry vigorous enforcement of effluent limits and
weather flow of municipal wastewater is pretreatment requirements is industry
about 550 mgd. The characteristics of relocation. If wastewater management costs
wastewater effluent discharged by East Bay for industries increase they may choose to
Municipal Utility District are shown in Table relocate to areas where wastewater treatment
5-17. costs are less. The environmental impacts of
The 10% reduction in waste loads attributable wastewater disposal are then transferred from
to Action 2 would improve water quality one place to another. Any indirect impacts of
conditions close to the points of discharge Action 2 would be expected to be minor
particularly in circumstances where the because the action itself is minor in that it
discharge is made to relatively quiescent does not call for more stringent standards,
receiving waters. The total metals load to only enforcement of those that already exist.
San Francisco Bay would be reduced by S_ignificant Impacts and Mitigation Measures
about 5%. This would produce little change Action 2 would have no significant adverse
in metals concentrations in waters of the effects on water quality and consequently no
North and Central Bay where tidal flushing is mitigation measures would be required
strong. In the extreme South Bay, below
Dumbarton Bridge, there is no net outflow

beyond conventional construction mitigation
measures. It would produce minor beneficial

during the summer months. Any beneficial effects close to the points of wastewater
effects of Action 2 are most likely to be felt in discharge but little effect on regional water
the extreme South Bay.                      quality.

Direct Long-Term Impacts Compared to No 5.3    LEVEE SYSTEM INTEGRITYAction Alternative The population of the Bay
Area is expected to grow from 6.1 million in DELTA REGION
1997 to 6.9 million in 2020, an increase of Action 1: Rehabilitate Existing Levees To
approximately 13%. Assuming that the per

PL-99 Standardscapita emission of pollutants ix wastewater
remains constant and wastewater treatment General Description Of Action: The waterside
levels remain the same, the emission of of levees will be armored with riprap to
pollutants in urban runoff will increase by ensure stability; some levees also will have
13%. Water quality would deteriorate in waterside and/or landside berms that will add
response to increased pollutant emissions stability and provide wildlife habitats and
with the effects most noticeable near opportunities. The action will be conducted on
wastewater outfalls. Implementation of this 1100 total miles of levees which will result in
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TABLE 5-17

EAST BAY MUNICIPAL UTILITY DISTRICT
1996 EFFLUENT QUALITY

Constituent Unit Mean Annual Concentration

Biological Oxygen Demand mg/1 18.7
Total Suspended Solids mg/1 16.1

Total Cadmium ~tg/1 0.3
Total Copper lag/1 16.5
Total Lead p.g/l 1.7

Total Mercury ~tg/l 0.06
Total Selenium ~tg/1 0.5

Total Zinc ~tg/1 76.3

Source: East Bay Municipal Utility District. 1997. Annual Compliance
Report for 1996. February 11.
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about 10,000 to 15,000 acres of PL-99 levees, include pre-project assessment and planning
It is currently assumed that the existing levees and pre-and post-project water, sediment, and
to be rehabilitated cover approximately 7500 toxicity monitoring. Based on these data and

~ to 11,250 acres, so this action will increase the mitigation measures envisioned, the
the total area of levees by about 2500- 3750 anticipated resuspension of sediments and
acres. This area would primarily involve associated chemicals from levee construction
agricultural land conversion and represents operations should not pose significant water

" about 1% of the total agricultural land in the quality problems.
Delta (538,000 acres). Direct Long-Term Impacts Compared To
Direct Short-Term Effects: Construction of Existing Conditions:
berms and installation of rip-rap on the NOM -The creation of berms on the waterside
waterside of the levees will resuspend some of the levees and widening of the levees to
borrow material and possibly some levee meet PL-99 standards will result in a
sediments, creating a small turbidity plume in conversion of about 2500-3750 acres of
and downstream of the berm construction agricultural lands to wider levees that,
area. Existing suspended sediment depending on specific design features, may
concentrations in the Delta range from 20 provide for additional shallow water habitat
mg/1 during low flow conditions to over 1000 and/or riparian habitat. Pilot tests conducted
mg/1 during high flows (1), and the effects of on the effects of conversion of Delta Islands to
a short-term localized increase in turbidity wetlands on DOC fluxes are generally
and suspended solids is not significant in the inconclusive. However, given the limited
context of the large natural variability in the acreage of land conversion involved (2500-
system. 3750 acres), the net effect on long term levels
Constituents that tend to be associated with of DOC in the Delta is considered negligible.
the sediments may also be resuspended and Salts-When water is siphoned from the Delta
solubilized during the construction activities. channels and applied to agricultural land,
Such constituents include metals, pesticides, some of it is released to the atmosphere
nutrients, and natural organic matter (NOM) through evapotranspiration, some percolates
as reflected in DOC. Metals associated with into the ground, flushing salts from the
sediments may be resuspended and some surficial sediments, and some drains to
portion of the metals may be solubilized; perimeter ditches. Percolated water, tailwater,
however data on the levels of concentrations and channel seepage are collected in drain
of metals of concern in levee sediments (2) ditches from which it is pumped back into
indicate that concentrations are generally Delta channels. The volume of the drainage
below sediment guidelines developed by the water is estimated to be 25% to 50% of the
San Francisco Regional Water Quality applied water and the average salt content of
Control Board for wetland creation and drainage water is 2 to 4 times greater that that
upland reuse (reference). Data on pesticides of applied water (4). The net effect of this is
of concern in sediments from stations in the that, although the salt load in the diverted and
Delta indicate levels that are generally below return flows are comparable, irrigated
detection limits (3). agriculture, by diverting and reducing flows,

¯ Mitigation measures will also be conducted to causes salt concentrations in the Delta to
minimize adverse effects associated with increase.
levee construction. Such mitigation will
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The effect of conversion of agricultural lands agricultura! sources from the Sacramento and
to levee supporting riparian habitat depends San Joaquin Rivers, discharges from waste
on amount of evapotranspiration resulting water treatment plants, urban runoff
under the Action compared to existing discharges, and other sources. Given that the ,
conditions. Evaporation from open water concentration of nitrate in return flows are
(which would reflect shallow water habitat) much higher than in the Delta Channels, the
is estimated to be about 55 inches per year conversion of agricultural lands to aquatic
whereas evapotranspiration from cropland is and/or riparian habitat will likely result in
approximately 30-35 inches per year (5). localized reductions in nitrate nitrogen.
However, it is assumed that the Action Action 2: Create New Setback Levees
primarily will result in riparian vegetation
whose net water demands will be less than General Description Of Action: Setback
that of current agricultural crops. Given this, levees would be constructed while leaving the
the Action is likely to result in a decrease in existing waterside levees in place. The
salinity loads to the Delta. The amount of waterside levees would be breeched allowing
this decrease will be small given the for the creation of aquatic and riparian habitat
relatively small acreage involved (2500-3750 between the levees. The setback levees would
acres), take 30,000 to 45,000 acres of land, and this

land is assumed to be primarily agricultural.
Pesticides - Concentrations of 30 pesticides The total area of agricultural land in the Delta
from 6 agricultural drains in the Delta taken is 538,000 acres (10).
in 1983-1987 were all below detection limits,
which ranged between about 0.01-10 ug/1 This action is similar to ERPP Action 1 in the
depending on the constituent (6). These data Sacramento-San Joaquin Region which calls
suggest that agricultural drains in the Delta for the restoring tidal perennial aquatic habitat
are not a significant source of pesticides and and tidal emergent wetlands on 33,000 to
therefore conversion of agricultural lands in 45,000 acres. Direct short and long-term
the Delta will have little, if any, effect on impacts would be similar to those described in
pesticide loading to the Delta. Section 3.

Nutrients - The nutrient of greatest concern in Action 3: Shallow Flooding for Subsidence
the Delta is nitrogen because it is considered Control
to be the primary limiting nutrient in the General Description Of Action: In areas
Delta (7). The predominant form of nitrogen where there are deep peat soils, oxidation
is nitrate-nitrogen because of relatively rapid causes subsidence which in turn may affect
biotransformation of other nitrogen forms the stability of adjacent levees. This action is
(ammonia and nitrite) that commonly occur in intended to increase the stability of these
oxygenated aquatic systems. Concentrations levees by flooding areas adjacent to levees
of nitrate in agricultural return flows tends to where there are deep peat soils and/or by
be about 10-20 mg/1 (8). The primary sources increasing the size of landside levee slopes.
of nitrogen from agricultural areas are The Action assumes that the total area
fertilizers and nitrogen fvdng vegetation that targeted for subsidence control is 30,000 to
obtains nitrogen from the atmosphere. In the 60,000 acres and that landslide berms, where
Delta the concentration of nitrate nitrogen constructed, would extend 30-50 feet inland
ranges between about 0.01 to 5 mg/1 (9) from the levee. Primarily agricultural lands
which reflects various sources including would be affected by the actions.
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Direct Short-Term Effects: Short term would be accelerated by the influence of the
impacts may be associated with the extension CALFED program such that municipal and
of the levee slopes and the initial flooding of industrial demand could be reduced by 10 to
the area behind the levees. Short-term 20% compared to current demand, and 1 to 2
Impacts will be similar to those described in MAF of municipal wastewater could be
ERPP Action 1 in the Sacramento-San recycled. For the purpose of analysis it was
Joaquin Region. assumed that one-half of the increase in water

use efficiency is attributable to the CALFEDDirect Long-Term Impacts Compared To
Existing Conditions: Water Use Efficiency Program. Agricultural

water use would also become more efficient
Direct long-term impacts of Action 3 derive but saved water would be used on under-
primarily from the conversion of agricultural irrigated lands or to reduce groundwater
lands to aquatic and terrestrial habitat, and are overdraft. It is assumed here that little water
similar to those effects described under saved by agriculture would return to the
Action 1. system to support other beneficial uses.

5.4 WATER USE EFFICIENCY Direct Short-Term Impacts Some facility
PROGRAM construction would be needed to increase

water use efficiency. Wastewater reclamation
The water use efficiency program differs from plants would be built, leaking irrigation canals
other components of the CALFED project in would be repaired and inefficient irrigation
that it does not consist of specific actions. systems would be replaced by more efficient
Instead, it is primarily concerned with systems. All these construction activities
establishing and implementing policies which would increase local water turbidity levels but
would encourage municipal water agencies would have no effect on regional water
and irrigators to take actions which would quality.
increase the efficiency of water use. Many
water users are already increasing the Direct Long-Term Impacts Compared to
efficiency of their water use in response to Existing Condition If the Water Use
growing water shortages, public policy and Efficiency Program could .be immediately
sentiment that favors efficient water use, and implemented average annual withdrawal rates
economics. The Water Use Efficiency of water from the Delta would decrease by 5
Program would further encourage and to 10 % compared to the existing condition;
facilitate efficient water use. Practices to be 5.9 to 6.9 MAF are currently diverted by the
encouraged include reductions in losses from CVP and the SWP. In effect, this would be an
water systems, adoption of efficient water approximate reversion to 1990 conditions;
management practices by agriculture, diversion of water from the Delta only

implementation of urban best management exceeded 6 MAF once before 1990. The
practices for water conservation, increased reduction in withdrawals would result in

wastewater reuse, and market-driven water slightly improved Delta water quality in
transfers, normal years and considerably improved

water quality in dry and very dry years.
Although the precise actions that local
agencies would take in response to the water Reduced water use would result in a decrease

use efficiency program cannot be defined, in the volume of municipal, industrial and

their outcome can be. It is estimated that agricultural wastewater discharges. But the

current trends toward water use efficiency mass load of pollutants from these sources
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would not change greatly, and so there would
be little change in water quality as a result of
the diminished discharges. In water bodies
where municipal, industrial or agricultural
wastewater represents a substantial
proportion of stream flow, concentrations of
parameters of concern could increase by up to
10%.

Direct Long-Term Impacts Compared to No
Action Condition Under the No Action
Alternative water withdrawals from the Delta
would increase to an annual average of 7.1 to
7.6 MAF in 2020. Water quality in the Delta
would deteriorate slightly between 1997 and
2020 as a result of increased withdrawals
with the greatest effects felt in the South
Delta in dry years. The salinity of waters
diverted at the SWP and CVP pumps would
increase by 15 % or less.~ Implementation of
the Water Efficiency Program would result in
annual average Delta diversions of
approximately 6.6 MAF in 2020. Thus, with
the Water Efficiency Program in place, water
quality in the Delta in 2020 would be better
than under the No Action Alternative, but it
would still decline slightly, relative to the
existing condition.

Indirect Impacts There would be no indirect
impacts of the Water Efficiency Program.

Potentially Significant Impacts/Mitigation
Measures The Water Use Efficiency Program
would have no significant adverse
environmental impacts. The program would
provide modest water quality benefits which
would be overtaken by the adverse effects of
population growth and increased water
diversion on water quality by the year 2020
unless further actions to curtail water use are
taken.
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6.0 Environmental 6.1 STORAGE

Impacts of Storage and Th~ new facilities can be divided into six

Conveyance Facilities categories:

¯ upstream surface water storage north of
The three alternatives developed by CALFED the Delta
include different combinations of water
storage, water conveyance and other facilities.

¯ surface water storage within the Delta

The exact characteristics and locations of ¯ upstream surface water storage south of
these facilities are not yet known and will not the Delta
be known until after one of the alternatives is ¯ off-aqueduct surface storage south of the
selected. Once an alternative is chosen, the Delta
characteristics of the facilities within the
alternative will be defined and the proposed ¯ groundwater storage north of the Delta
reservoirs and conveyances facilities will be ¯ groundwater storage south of the Delta
subject to "project level" environmental
review, pursuant to state and perhaps federal Upstream Surface Water Storage North ot’
law. The new facilities are, however, the Delta in the Sacramento Valley

defined sufficiently to enable a "program Storage north of the delta would be filled with
level" environmental analysis. . water during periods of high streamflow,
Certain facilities are present in several usually in spring. Water would be released to
alternatives or subaltematives. To facilitate the Sacramento River or to satisfy irrigation
analysis and to avoid repetition, the general demands during low flow periods, usually the
effects on water quality of construction and late summer or fall. The CALFED
operation of the storage and conveyance alternatives contain from 0 to 3 million acre-
components of the alternatives are described feet of upstream surface water storage north of
in this chapter. Thus, when the overall the Delta.
impacts of the alternatives are discussed in The CALFED program has identified 28
the following chapter, it will not be necessary potential north of the Delta surface water
to repeat the information on the impacts of storage projects. The projects include new on-
storage and conveyance. Instead, a reference stream and off-stream reservoirs and
to Chapter 6 will be made, where appropriate, expansion of existing on-stream reservoirs
Some alternatives include facilities other than with a combined capacity of over 50 million
storage and conveyance facilities. The effects acre-feet. The larger projects, those that
on water quality of these miscellaneous would provide more than 1 million acre feet
facilities, fish screens for example, would of storage, are shown in Table 6-1. One or
usually be minor. The effects of flow barriers two large projects or several small ones would
are unique to each alternative or provide the storage called for under the
subalternative and are discussed in the CALFED alternatives.

following chapter. The environmental
consequences of storage and conveyance
facilities are described separately below.
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TABLE 6-1

POTENTIAL UPSTREAM STORAGE PROJECTS

IN THE SACRAMENTO VALLEY1

,, Project County Storage Type Directly-Affected Streams
Clair Eagle Lake Trinity On-stream Trinity River
Enlargement
Colusa Reservoir Colusa/Glenn Off-Stream Sacramento River
Cottonwood Creek Tehama/Shasta On- and Off-stream Sacramento River, Cottonwood Creek
Complex
Glenn Reservoir GlenniTehama Off-stream Sacramento River, Stony Creek
Lake Berryessa Napa Off-stream Sacramento River, Putah Creek
Enlargement
Shasta Lake Enlargement Shasta On-stream Sacramento River

Sites Reservoir Colusa/Glenn Off-stream Sacramento River, Funks and Stone
Corral Creeks

Thomes-Newville Reservoir Glenn Off-stream Sacramento River, Thomas and Stoney
Creek

Auburn Reservoir Placer On-stream American River
Tuscan Buttes Reservoir Tehama Off-stream Sacramento River, Paynes and Inks

Creeks

1List is limited to projects that could store 1 million acre-feet or more.
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Direct Short-Term Impacts: Direct short- Sacramento Valley. If anaerobic conditions
term impacts on water quality will result from occur in the bottom sediments of reservoirs,
reservoir construction activities. Most of the methyl mercury, a biologically available form

- impacts will be associated with ground of mercury, may be formed as a result of
disturbance and will consist of increases in bacterial action. The risk of creation of
erosion rates. The extent of ground anaerobic conditions can be reduced by
disturbance will depend on the type of dam cleating vegetation from the inundation area

¯ construction employed and the need for before the reservoir is filled.
construction of new roads to access the As noted above, upstream reservoirs in the
reservoir sites. Concrete dams are less Sacramento River basin will typically store
massive than earthf’dl dams and consequently abundant spring flows for later release and
less material must be excavated to build use in dry months or years. On- and off-
them. stream reservoirs will alter the hydrology of
Excess sediment could be discharged to the stream below the dam. Springtime flows
streams as a result of construction activities will be reduced compared to unimpaired
directly in streams, and as a result of flows and flow in naturally dry periods will
precipitation falling on exposed soils, be increased. Because reservoirs trap
Construction of dams and related facilities sediment the total suspended solids content of
will occur almost completely in dry water released into the downstream channel
conditions. When a dam is built on a stream, will be less than the total suspended solids
the stream is typically diverted around the content of stream water prior to reservoir
active construction area. Also, for practical construction. The reduction in sediment load
reasons, much of the ground disturbing will be greatest in high flow conditions.
earthwork is scheduled for the dry season. Nutrients and organic carbon associated with
Increased rates of soil erosion are likely to particulates may also be trapped in the
occur during the rainy season in areas that reservoir and their concentrations
have been disturbed by construction, but the downstream reduced compared to pre-project
increase can be limited by various commonly conditions.
applied construction impact mitigation Depending on the design of the reservoir
measures. The mitigation measures include outlet facilities, the dissolved oxygen content
grading to avoid concentration of water flow, of released water could be less than that of
the use of silt fences and hay bails to slow pre-reservoir stream water. Conversely, when
and filter stormwater runoff, and the the reservoir is spilling, water may become
revegetation of disturbed soil surfaces. supersaturated with oxygen and nitrogen.
Direct Long-Term Impacts: Storage of water High levels of dissolved nitrogen can be
in reservoirs may affect water quality in a injurious to fish.
number of ways. The reservoir pool will During periods when unimpaired stream flow
inundate previously dry lands. Depending on would be low, the release of water from
geologic characteristics, trace elements in reservoirs, could substantially reduce water
submerged soils and rocks may be mobilized, temperatures in downstream river reaches.
particularly in the deeper parts of the Water released from reservoirs will be

, reservoirs where dissolved oxygen initially cooler than unimpaired stream
concentrations may become depressed, waters, and will remain cooler due to the
Mercury is present in some parts of the greater volume of flow.
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The release of water down the Sacramento Environmental Deka outflow is water
River during low flow periods will improve released to meet environmental needs
water quality in the river and the Delta. between January and June, inclusive. It does
Pollutants discharged by cities, industries and not include flows in excess of 12,000 cfs and
agriculture will be diluted and in-stream is consequently much lower than total Deka
pollutant concentrations reduced. Freshwater outflow. If upstream storage is available,
outflow to San Francisco Bay will be larger quantities of water can be released for
increased and saline water entering the Delta environmental purposes compared to the
from the Bay will be repelled. Improved existing condition. If3,000 MF of upstream
Delta water quality will benefit water users in storage is provided and it is all allocated to
the SWP and CVP service areas by reducing environmental flows, then average-year
the concentrations of salt and THM precursors environmental flows would be increased by
in the diverted water. 14% and dry-year flows by 35%. If 50% of

the storage is allocated to environment~Some numerical modeling of the general
effects of storage upstream on the Delta has flows, then average-year environmental flows

would be increased by 8% and dry-year flowsbeen performed by CALFED. Some of the
results are summarized in Table 6-2 by 12%.

TABLE 6-2

EFFECTS OF UPSTREAM OF DELTA OFF-STREAM STORAGE ON

ON ENVIRONMENTAL DELTA OUTFLOWI’ :z, 3 (TAF/YEAR)

Environmental Average Year Outflow Dry Year
Volume of Storage 100% Allocation 50% Allocation 3 100% Allocation 50% Allocation
0 3780 3780 2400 2400
1000 4170 4030 2830 2500
2000 4270 4100 3250 2650
3000 4320 4130 3250 2800
4000 4350 4150 3250 3050
5000 4370 4170 3250 3050

~ Assumed conditions are normal period operations, 5,000 cfs capacity conveyance.to off-
stream storage, existing Delta pumping plant capacity and low Sacramento River flow event
target.
2 Data in table obtained from CALFED, 1997b.

3 Stored water can be used for water supply or environmental benefits; 100% and 50%

allocations for environmental benefits are shown in the table.

Surface Water Storage Within the Delta Surface water storage in the Delta would be
located on Delta islands. Perimeter levees
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would form in-Delta reservoirs. The construction of the coffer dams themselves
reservoirs would be filled in high flow periods will result in increases in water turbidity.
and water would be released back to the Delta Direct Long-Term Impacts: The use of Delta
or directly to diversion pumps during low islands for storage of water would obviously
flow periods. The alternatives analysed in eliminate the current land use, irrigated
Chapter 7 contain from 0 to 200,000 acre-feet agriculture. Land would be converted from
of in-Delta storage. The CALFED program agricultural cropland to open water. The

¯           has identified two in-Delta surface water environmental impacts of the change would
storage projects. One alternative would be similar to the impacts of some elements of
involve flooding one or more islands and

one of the common programs, the Ecosystem
using them as storage reservoirs. Webb Tract Restoration Program. Under the Ecosystem
and Bacon Island were identified as the Restoration Program large acreages of
preferred sites in an earlier proposal (Delta agricultural cropland would be converted to
Wetlands Project). The second alternative, wildlife habitat, much of which would be
referred to as chain of lakes storage, would shallow open water. The impacts of the
involve flooding a series of islands and using conversion are described at length in Chapter
them as both storage and an isolated cross- 5. In summary, the conversion of agricultural
D̄elta conveyance facility. The reservoirs land to open water will reduce the emission of
would be connected by a series of siphons soil particles, nutrients and pesticides to Delta
under Delta channels. Water would be waters. The emission of salts will remain
conveyed directly to pumps in the southern about the same as under current conditions but
Delta. salt concentrations in Delta channels will
Direct Short-Term Impacts: Surface water increase due to increased evaporation rates.
storage ia the Delta would be built by DOC emissions may be increased or
improving existing levees and adding the decreased.
facilities needed to convey water into and out The release of water to the Delta during
of storage. The nature of construction periods of low Delta inflow will improve
activities would be different from those water quality. Pollutants discharged by cities,
associated with conventional reservoir industries and agriculture will be diluted and
construction. Most of the direct short-term in-stream pollutant concentrations reduced
impacts on water quality will be associated and saline water entering from San Francisco
with ground disturbance and will consist of Bay will be repelled. Improved Delta water
increases in erosion rates. Direct short-term quality wil! benefit water users in the SWP
impacts will be similar to those of the Levee and CVP service areas by reducing the
System Integrity program described in concentrations of salt and THM precursors in
Chapter 5. the diverted water. Any improvement with
Siphons connecting island storage could be respect to THM precursors would be offset ff
built by tunneling under or trenching through DOC concentrations are increased when

. Delta channels. If the latter, at least some islands are flooded.
construction activities would occur within
Delta waters. Temporary coffer dams would

¯ be built to allow construction activities to
occur in relatively dry conditions, but
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Upstream Surface Water Storage South of Canal. When abundant water is available in
the Delta in the San Joaquin Valley the Delta, the Delta pumping plants would be

Upstream storage south of the delta would be operated to convey water into storage via the

filled with water during periods of high two canals. Storage would be filled when ,

streamflow, usually in spring. Water would water is abundant in the Delta. Water would
be released to the California Aqueduct and thebe released to the San Joaquin River or to

satisfy irrigation demands during low flow Delta-Mendota Canal to satisfy water
demands during low flow periods in the Deltaperiods, usually the late summer or fall. The
when restrictions on pumping are in effect.alternatives analysed in Chapter 7 contain
The alternatives analysed in Chapter 7 containfrom 0 to 500,000 acre-feet of upstream

surface water storage south of the Delta. from 0 to 2 million acre-feet of off-aqueduct
surface water storage south of the Delta. The

The CALFED program has identified 10 CALFED program has identified 11 potential
potential south of the Delta upstream surface south of the Delta off-aqueduct storage
water storage projects. The projects include projects with a total capacity of approximately
new on-stream and off-stream reservoirs and 10 million acre-feet.
expansion of existing on-stream reservoirs.
The combined capacity of the projects is
approximately 4.5 million acre-feet. The
projects and the streams they would directly
affect are listed in Table 6-3.

Direct Short-Term Impacts: Direct short-
term impacts on water quality will be similar
to those of surface water storage projects
north of the delta.

Direct Long-Term Impacts: Direct long-term
impacts on water quality will be similar to
those of surface water storage projects north
of the delta.

Off-Aqueduct Storage South of the Delta

Off-aqueduct storage south of the Delta
would be filled with water pumped from the
California Aqueduct or the Delta-Mendota
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TABLE 6-3

POTENTIAL UPSTREAM STORAGE PROJECTS

IN THE SAN JOAQUIN VALLEY

Project County Storage Tyl~e Directl~,-Affected Streams
Clay Station Sacramento Off-stream American River, Laguna Creek
Cooperstown Reservoir Stanislans Off-Stream Sanislaus and American River
Deer Creek Reservoir Sacramento Off-stream American River
Duck Creek Reservoir San Joaquin Off-stream Mokelumne and Calaveras Rivers
Farmington Reservoir San Joaquin On- and Off-streamCalaveras and Stanislaus Rivers,
Enlargement Littlejohns Creek
Millerton Lake Enlargement Fresno Off-stream San Joaquin River

Montgomery Reservoir Stanislaus Off-stream Dry Creek
Nashville Reservoir E1 Dorado/ On- and Off-streamCosumnes River

Sacramento
Pardee Reservoir Expansion Calaveras/Amador On-stream Mokelumne River
South Gulch Reservoir San Joaquin Off-stream Stanislaus and Calaveras Rivers,

South Gulch

Direct Short-Term Impacts: Direct short- stream will be good. Some stream bank
term impacts on water quality will be similar erosion would be expected to occur as a result
to those of surface water storage projects of increased stream flow but at a rate that
north of the delta, would not appreciably increase total

Direct Long-Term Impacts: The changes in suspended solids content.

water quality that result from water storage in Off-stream reservoirs may improve the quality
reservoirs will be similar to those described of water conveyed to users in the SWP and
for upstream surface water storage projects. CVP service areas by reducing the need to
Changes in water quality downstream of off- pump from the Delta when water quality at
aqueduct reservoirs will be different from the pumps is less than desirable.
those of upstream surface storage. All of the Concentrations of. salt and THM precursers
proposed sites for off-aqueduct storage are in may be reduced.
arid lands on the east side of the San Joaquin Groundwater Storage North of the Delta
Valley. They would be located in the
watersheds of small ephemeral streams. Groundwater storage north of the Delta in the
Water would be conveyed from the reservoirs Sacramento Valley would be used

¯
to the California Aqueduct or the Delta conjunctively with surface waters to meet
Mendota Canal by pipeline, or by a various needs and demands for water. During
constructed or natural channel. If water is high streamflow periods, groundwater
conveyed in a natural channel, a new cool aquifers with available space would be
water stream will be created where one does recharged with excess surface water using
not currently exist. Water quality in the spreading basins or injection wells. Water
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would be pumped from the aquifers to meet demands for water. During high streamflow
irrigation demand during low streamflow periods, groundwater aquifers with available
periods, space would be recharged with excess surface

The alternatives analysed in Chapter 7 contain water using spreading basins or injection
wells. Water would be pumped from theup to 500,000 acre-feet of groundwater

storage north of the Delta. Nine potential aquifers to meet demand during low
streamflow periods.sites for groundwater storage north of the

Delta have been identified. Their total The alternatives analysed in Chapter 7 contain
estimated storage capacity is 4.1 million acre- up to 500,000 acre-feet of groundwater
feet. storage sorth of the Delta. Eight potential

sites for groundwater storage south of the
Direct Short-Term Impacts: Construction
activities associated with development of Delta have been identified. Their total

estimated storage capacity is 30 million acre-groundwater storage using injection wells
feet.would involve little ground disturbance and

would have few short-term impacts on water Direct Short-Term Impacts: Construction
quality. Ground disturbance associated with activities associated with development of
the construction of spreading basins would be groundwater storage using injection wells
greater. However, because construction would involve little ground disturbance and
would generally occur in areas with little would have few short-term impacts on water
topographic relief, control of soil erosion quality. Ground disturbance associated with
would be relatively straightforword and any the construction of spreading basins would be
impacts on water quality would consequently greater. However, because construction
be modest, would generally occur in areas with little

Direct Long-Term Impacts: The quality of topographic relief, control of soil erosion
would be relatively straight forward and anywater diverted from surface streams,

temporarily stored in the ground and then impacts on water quality would consequently

returned to streams will be altered. Water be modest.

returned to the stream will contain less Direct Long-Term Impacts: The quality of
particulate matter and more dissolved water diverted from surface streams,
substances than the source water. Percolation temporarily stored in the ground and then
or injection into the ground will remove returned to streams will be altered. Water
sediment and organic particles. Passage returned to the stream will contain less
through soil and rock layers will increase the particulate matter and more dissolved
mineral content of water, substances than tl~e source water. Percolation

or injection into the ground will removeThe release of water from groundwater
sediment and organic particles. Passagestorage into surface streams during periods of

low streamflow will have similar effects to the through soil and rock layers will increase the

release of water from surface reservoirs, mineral content of water.

The release of water from groundwaterGroundwater Storage South of the Delta
storage into surface streams during periods of

Groundwater storage south of the Deka in the low streamflow streamflow will have similar
San Joaquin Valley and the Mojave River effects to the release of water from surface
basin would be used conjunctively with reservoirs. The suitability of water for use as
surface waters to meet various needs and
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a drinking water source may be enhanced by construction of new roads to access the tunnel
temporary storage in the ground because some and canal sites. The areal extent of ground
of the natural organic matter that reacts with disturbance associated with tunnel

" chlorine to form trihalomethanes may be construction will be small compared to that of
removed by passage through soil and rock canal construction.
layers. Ground disturbance associated with tunnels

. 6.2 CONVEYANCE will be limited to a few acres in the vicinity of
the tunnel portals and at the spoils disposal

The new conveyance facilities can be divided site. Canal construction will involve ground
into three categories: disturbance along the entire length of the
¯ conveyance components north of the Delta canal. Most construction activities will occur

in dry conditions away from waterways.¯ conveyance components south of the
Exceptions could occur at locations where a

Delta canal must cross a stream, although in these
¯ through-Delta conveyance components cases the stream would typically be diverted

Conveyance Components North of the around the construction activities. The much

Delta larger wet season discharges will typically be
conveyed under canals in large conduits.

Conveyance facilities north of the Delta
would be used to move water into storage in For practical reasons, much of the ground

new and enlarged reservoirs and to release it disturbing earthwork is scheduled for the dry

back to streams and canals. The CALFED season. Little precipitation-related soil
erosion will occur during construction butprogram has identified ten conveyance

components north of the Delta. Nine of the increased rates of soil erosion are likely to
occur in disturbed areas during the rainyconveyance components would convey

Sacramento River to new storage facilities on season following construction. The increase

the west side of the Sacramento Valley. One in erosion rate can be limited by various

conveyance component the Oroville Intertie or commonly applied construction impact

Cross Valley Conduit would carry water from mitigation measures. They include grading to

the Feather River to storage on the west side avoid concentration of water flow, the use of
silt fences and hay bails to slow and filterof the valley. The conveyance components
stormwater runoff, and the revegetation ofinclude new canals and tunnels with a

capacity of 5,000 to 10,000 cfs, and the disturbed soil surfaces. Even assuming the

enlargement and extension of the existing application of these mitigation measures some

Tehama-Colusa Canal. increases in water turbidity in streams near
construction sites can be expected.

Direct Short-Term Impacts Direct short-term
impacts on water quality will result from The disposal of tunneling spoils could have

tunnel and canal construction activities. Most implications for water quality. Broken rock

of the impacts will be associated with ground obtained from subsurface strata may contain

¯           disturbance and will consist of increases in        metals that can be mobili~ed when the rocks
erosion rates. The extent of ground come into contact with precipitation. Metals

disturbance will depend on the type of could then drain to streams and rivers just as

construction employed and the need for they do from abandoned mining sites. The
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risk of contamination from this source could Canal construction will involve ground
be reduced by testing the spoils and requiring disturbance along the entire length of the
special disposal procedures ff there is a canal. Most construction activities will occur
potential for water pollution. Special disposal in dry conditions away from waterways.
procedures might include depositing spoils Exceptions could occur at locations where a
away from watercourses and covering spoils canal must cross a stream. In most cases,
to prevent infiltration of precipitation, small streams will be diverted around

Direct Long-Term Impacts The direct long- construction activities. Siphons may need to

term impacts of conveyance facilities north of be built to carry canals under large streams.

the Delta cannot be separated from those of Siphon construction will involve placement of

surface storage north of the Delta. The long- cofferdams within streams which would cause
increases in water turbidity.term impacts of storage north of the Delta

were described earlier in this chapter. For practical reasons, much of the ground

Conveyance Components South of the disturbing earthwork is scheduled for the dry

Delta season which will limit precipitation-caused
soil erosion. Increased rates of soil erosion

The CALFED program has identified eight are likely to occur during the following rainy
conveyance components south of the Delta. season in areas that have been disturbed by
Conveyance components include expansion of construction, but the increase can be limited
the Delta-Mendota Canal and construction of by various commonly applied construction
a new Mid-Valley Canal which would convey impact mitigation measures. They include
water to groundwater storage areas in the grading to avoid concentration of water flow,
southern San Joaquin Valley. Other the use of silt fences and hay bails to slow and
conveyance components would convey water filter stormwater runoff, and the revegetation
from the east side of the San Joaquin Valley of disturbed soil surfaces. Even assuming the
to the California Aqueduct and the Delta- application of these mitigation measures some
Mendota Canal and from the central Sierra increases in water turbidity in streams near
region (American River to Stanislaus River) construction sites can be expected.
to the Tulare Lake Basin (East Side Canal).

Direct Long-Term Impacts The direct long-The conveyance components include new or
term impacts of conveyance facilities south ofexpanded canals with capacities of 500 to

5,000 cfs. the Delta cannot be separated from the
impacts of the alternatives that they form a

Direct Short-Term Impacts Direct short-term part of. They are discussed in Chapter 7.
impacts on water quality will result from
canal construction activities. Most of the Through-Delta {~onveyance Components

impacts will be associated with ground Through-Delta conveyance components
disturbance and will consist of increases in would convey water from northern end of the
erosion rates. The extent of ground Delta to its southern end. CALFED has
disturbance will depend on the type of identified eight through-delta conveyance
construction employed and the need for components. Several different alignments for
construction of new roads to access the canal an isolated conveyance facility have been
sites, identified including the original Peripheral

Canal alignment east of the Delta, a tunnel
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crossing in the western Delta and a chain of construction in the Ecosystem Restoration
lakes configuration which would link a series Program section of Chapter 5.)
of Delta island storage reservoirs. Other For practical reasons, much of the ground

" conveyance improvements include expansion disturbing earthwork is scheduled for the dry
of existing Delta channels including the season which will limit precipitation-caused
Mokelumne and Old Rivers. The new canals soil erosion. Increased rates of soil erosion
and tunnels would have a capacity of up to are likely to occur during the following rainy
15,000 cfs. season in areas that have been disturbed by
Direct Short-Term Impacts Direct short-term construction, but the increase can be limited
impacts on water quality will result from by various commonly applied construction
tunnel and canal construction activities. Mos( impact mitigation measures. They include
of the impacts will be associated with ground grading to avoid concentration of water flow,
disturbance and will consist of increases in the use of silt fences and hay bails to slow and
erosion rates. The extent of ground filter stormwater runoff, and the revegetation
disturbance will depend on the type of of disturbed soil surfaces. Even assuming the
construction employed and the need for application of these mitigation measures some
construction of new roads to access the tunnel increases in water turbidity in streams near
and canal sites. All conveyance components construction sites can be expected.
would be canals except the Western Delta Ground disturbance associated with the tunnel
isolated conveyance which would include a under the western Delta would be limited to a
tunnel under the western Delta. few acres in the vicinity of the tunnel portals
Construction of new canals will involve and at the spoils disposal site. Tunneling
ground disturbance along the entire length of spoils from the western Delta are unlikely to
the canal. Most construction activities will contain metals or other toxic substances and
occur in dry conditions away from waterways, consequently will be suitable for use as levee
Exceptions would occur at locations where a construction materials.
canal must cross a stream. In most cases, Direct Long-Term Impacts The direct long-
small streams and drainageways will be term impacts of through-Delta conveyance
temporarily diverted around construction facilities cannot be separated from the impacts
activities. Because the Delta region is fiat, of the alternatives that they form a part of.
siphons will be needed to carry canals under They are discussed in Chapter 7.
large waterways, or small drainageways under
canals. Siphon construction will involve
placement of cofferdams within flowing
streams which will cause increases in water
turbidity.

Expansion of existing canals or other
waterways would probably involve some

¯ construction in flowing water. If canals are
expanded by construction of setback levees
and abandonment of the existing levees the

° amount of in-water construction activities can
be minimized. (See discussion of this type of
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7.0 Environmental Impacts degraded. In extreme cases, water could be
unusable for municipal and agriculturalof Alternatives supply for months or years.

7.1 NO ACTION ALTERNATIVE Indirect Impacts Declining water quality in
the Delta could cause cities and

Description of Alternative Under the No agriculturalists to seek other sources of water.
Action Alternative, the waters of the Bay- Development of other sources may adversely
Delta system would be substantially managed effect ground or surface water at other
as they are today but modified as necessary to locations.
comply with the Central Valley Project
Improvement Act. Water storage or Significant Impacts/Mitigation Measures The
conveyance facilities, currently under No Action Alternative would have significant

adverse impacts on water quality. During dryconstruction, would be completed but no new
facilities would be built. Total annual water periods the salinity of Delta waters at the

withdrawals from the Delta would increase SWP and CVP pumps would increase by

from the current 5.9 to 6.9 MAF to 7.1 to 7.6 more than 20% compared to the existing
MAF in 2020. Wastewater treatment facilities condition.
would be expanded to meet the needs of a 7.2 ALTERNATIVE 1 EXISTING
growing population but the treatment SYSTEM CONVEYANCE
provided would remain at current levels.
Levees would be maintained in accordance 7.2.1 Alternative 1A Existing System
with current practices but no major Conveyance
rehabilitation would be undertaken. Delta Region
Direct Short-term Effects Little construction Direct Short-Term Effects: Construction
would occur under the No Action Alternative. activities (primarily limited dredging and
There would be few direct short-term adverse filling) associated with relocating water
environmental effects, supply intakes may have short-term impacts
Direct Long-term Impacts Compared to on water quality through the resuspension of
Existing Conditions Water quality in the sediment (including natural organic matter)
Delta would gradually deteriorate as water and desorption of chemicals associated with
diversions from the Delta and urban those sediments. Construction under wet
wastewater and stormwater pollutant load conditions will result in turbidity plumes in
mass emissions in Central Valley increase, the vicinity, and somewhat downstream of,
By 2020, water diversions will increase by the construction activities. Desorption of
15% and pollutants loads from municipal constituents associated with those sediments
wastewater treatment plants and urban runoff could affect short term toxicity to some
will increase by 60%. The salinity of water at aquatic organisms. If the materials required
the CVP and SWP pumps would increase by for fill contain constituents of concern, there

¯ 20 % or more in dry periods, may be water quality impacts associated with
the leachate drainage into the Delta.

Levees would deteriorate increasing the risk
Construction also could cause spills of fuels,of catastrophic failure. Depending on the¯

extent of the flooding caused by levee failure, lubricants, or other liquid or solid
construction-related materials that couldwater quality at the CVP and SWP pumps and

at other water supply intakes would be
impact water quality.
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Specific impacts will depend on the new at Rock Slough, Clifton Court Forebay, and at
locations of the intakes, the type and extent of the North Bay Aqueduct. The figures show
construction activities required, the chemistry model predictions for the two extreme water
of dredge and fill sediments, and the type and year types: wet and critically dry water years.
extent of mitigation measures. The specific years within each water year type

Direct Long-Term Impacts Compared To are based on the four river D-1486 Water

Existing Conditions: Year Classification Index. Also shown for
reference are the mean monthly measured data

Salts - The DWR Modeling Support Branch for wet and critical years obtained from
have conducted modeling of TDS for six DWR’s MWQI Program and/or the
alternatives (Alternative 1A, 1C, 2B, 2D, 2E Interagency Ecological Program (IEP).
and 3E) which are considered most
representative of the full range of alternatives As shown in the figures, there is a seasonal

under consideration (DWR, 1997c). The pattern of salinity with lower concentrations

reported value of TDS is the average over the during the period February through June.

last tidal cycle of each month, and is referred During these months, Delta outflow is

to as "end of the month" salinity, maintained (primarily by adjusting SWP
pumping) to meet the 2.64 EC criteria (also

The modeling was conducted using the known as X2) at Chipps Island and Port
DWRSIM model for simulating system Chicago. Higher Delta outflow reduces TDS
hydrology and the DWRDSM1 model for concentrations, even during critically dry
simulating hydraulics and TDS in the Delta. years, to concentrations around 200 mg/1,
Key assumptions in the modeling include which is comparable to wet year historical
South of Delta demands projected for year data. During late fall and winter months, TDS
2020, in-Delta and Sacramento Valley concentrations are higher and peak around
demands corresponding to 1995, and water December at 500-600 mg/1 during critically
supply based on historical precipitation and dry years, and 300-400 mg/1 during wet years.
flow records (water year 1976 through 1991). This effect is due primarily to lower Delta
System operations (e.g., SWP pumping) are outflow during this period, caused by a
adjusted in DWRSIM to comply with Water combination of lower Delta inflow and
Quality Standards as described in San increased SWP pumping. The predicted
Francisco Bay/Sacramento San Joaquin Delta concentrations during the late fall and winter
Estuary Water Quality Control Plan (SWRCB, months tend to be higher than measured at
1995). Detailed Assumptions for the Rock Slough (Figure 7-1) but comparable to
modeling are described in DWRSIM measured data at .Clifton Court (Figure 7-2).
Benchmark Study 472B (Appendix II, Predicted TDS concentrations at the North
CALFED, 1997b). These modeling Bay Aqueduct intake at Barker Slough are
projections do not include the effects of north relatively low (less than 200 mg/1) and
of Delta or south of Delta storage, and generally agree with observed data (Figure 7-
therefore represent the effects of conveyance 3). Model predictions and observed data at
features associated with each sub-alternative the Tracy Pumping Plant Intake are not shown
on water quality. The effects of storage on the as the results are similar to those at Clifton
various alternatives is discussed in Section 6. Court.
Figures 7-1 through 7-3 show model DWR’s service contract with the state water
predictions of TDS at the Contra Costa Intake contractors has a maximum monthly mean
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concentration of 440 mg/1. The predicted data Figures 7-4 through 7-6 show model
for the average of the water year types exceed predictions of DOC at the Contra Costa Intake
this value in December and January during at Rock Slough, Clifton Court Forebay, and at
critically dry years (Figure 7-2). For the 15 the North Bay Aqueduct. The figures show
years of hydrologic record (180 months) that model predictions for two extreme water year
encompasses a variety of water year types, types: wet (water year 1986) and critically dry
predicted TDS concentrations exceed 440 (water year 1987). Also shown for reference
mg/1 in 23 months or about 13% of the are the mean monthly measured data for wet
months. These exceedances are predicted to and critical years (selected based on data
occur during the months of September availability) obtained from DWR’s MWQI
through February. Program and/or the Interagency Ecological

Salinity intrusion, as indicated by the location Program (IEP).

of the 2000 ppm salinity isopleth (X2 The figures show that predicted DOC for this
location), was managed in the model alternative (and measured DOC) exhibits a
(primarily through adjusting SWP exports) to strong seasonal variation with peak DOC
meet the regulatory X2 requirements and occurring in January and February. Maximum
other water quality and flow requirements in values of DOC are highest at the North Bay
the Bay-Delta Water Quality Control Plan Aqueduct (15-17 mg/1), moderate at the
(SWRCB, 1995). Contra Costa Intake (7-9 rag/l) and lowest at

Natural Organic Matter (NOM) - Clifton Court (5-6 mg/1). Predicted and
measured DOC concentrations also tend to beDisinfection-By-Product (DBP) precursors

were modeled by DWR using the Delta higher during wet years compared to critically

Simulation Model DWRDSM1. This dry years. These trends are generally

modeling is part of an effort to one, evaluate consistent with DOC measurements from

the effects of CalFed Alternatives on agricultural return flows. At Contra Costa
Intake and Clifton Court Forebay, predictedDisinfection-By-Product precursors and two,
concentrations are comparable to measuredto evaluate the water treatment costs to meet
data, whereas at the NBA, predicted DOC iscurrent and anticipated EPA regulations on

DBPs. The modeling was conducted for somewhat higher than observed in November

bromide, dissolved organic carbon, and through March.

ultraviolet absorbance at 254 nm (UV-254), Bromide - Figures 7-7 through 7-9 show
which is an in-situ measure of organic carbon, model predictions of bromide at the Contra
The mode/assumes that these constituents are Costa Intake at Rock Slough, Clifton Court
conservative. Model results were generated Forebay, and at the North Bay Aqueduct. The
for water years 1985, 1986, and 1987. Details figures show model predictions for two
of the modeling approach and assumptions extreme water year types: wet (water year
can be obtained from "Modeling DBP 1986) and critically dry (water year 1987).
Precursor Transport", DWR Draft At the Contra Costa Intake (Figure 7-7) and
Memorandum, July 31, 1997 (DWR, 1997b). Clifton Court Forebay (Figure 7-8), predicted
The results from this preliminary modeling bromide concentrations exhibits a seasonal
effort are presented for the purpose of pattern with low concentrations (generally
identifying general trends and for identifying less than 0.2 mg/1) during the period February
the likely order-of-magnitude of effects. through June and peak values around 1 mg/1

occurring in November through January.
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Concentration are also higher during critically Table 7-1 shows the scores assigned for
dry years compared with wet years. This Alternative 1A for the modeled constituents.
pattern is similar to that for TDS and The only significant change based on this
illustrates that the major source of bromide is comparison is for bromide at Contra Costa
seawater. Predicted concentrations at these and Clifton Court, where significant increases
two locations tend to be higher than measured in bromide are projected to occur during the
during the fall and winter months. At the period July through January. This condition is
North Bay Aqueduct intake at Barker Slough likely associated with increased salinity
predicted and measured concentrations are intrusion caused by lower Delta inflow and/or
generally less than 0.2 mg/1 indicating that the higher SWP pumping.
effects of salinity intrusion is limited at this Bay Region
location.

Management actions in the Delta and in the
As this alternative primarily incorporates the watersheds contributory to the Delta will have
Common Program actions, the effects of this
alternative on other water quality constituents

a pronounced effect on San Francisco Bay
because water from the Delta is the primary

is described under the Common Program fresh water source to the Bay. The effects of
Impacts (Section 5). Alternative 1A on water quality in San
Direct Long-Term Impacts Compared to the Francisco Bay will be primarily positive
No-Action-Condition: because the operation of the system is

This Altemative is assumed to be the most designed to meet current SWRCB

representative of the No-Action-Condition requirements and many of the actions in the
Common Water Quality Program addressand, therefore, no comparison is made.
pollutant sources that discharge directly into

Determination of Significance/Mitigation the Bay or are in the watershed contributory
Measures: to the Bay.
Significance criteria for modeled parameters With regard to system operation, the major
were based on a visual comparison of the operational driver is that reservoir releases
predicted concentrations and measured and pumping will be managed to ensure that
concentrations. Where predicted and Delta outflow is sufficient to meet the
measured water quality were in general SWQCB salinity (X2) requirements during
agreement, a score of zero was assigned, the months of February through June. Salinity
Where predicted concentrations were requirements will also be met at specific
distinctly different from the measured locations such as Suisuin Marsh. As part of
concentrations for a least a portion of the year, the Common Program pollution prevention
a score of plus one was assigned if the water strategies (intended to be implemented alone
quality was improved and a score of minus or in concert with watershed management
one was assigned if the water quality was initiatives) address mining, agriculture, and
predicted to be poorer than observed. Where urban sources and are intended to control the
predicted concentrations were substantially loadings of metals, pesticides, pathogens, and
different than observed, especially ff such a other constituents of concern that ultimately
difference extended over a major portion of are transported into San Francisco Bay.
the year, a score of plus or minus 2 was
assigned. These latter scores are considered
significant effects.
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7.2.2 Alternative 1C Existing System lower concentrations during the period
Conveyance February through June. During .these months,

Delta outflow is maintained (primarily by(With South of Delta Improvements, CVP-
SWP Improvements and Additional adjusting SWP pumping and reservoir

Storage) releases) to meet the 2.64 EC criteria (also
known as X2) at Chipps Island and Port

Delta Region Chicago. Based on the modeling results, Delta

Direct Short-Term Effects: This alternative outflow reduces TDS concentrations, even

involves extensive construction of surface during critically dry years, to 200-300 rag/1
storage facilities, new and expanded during the February through June period.

conveyance facilities, intake screens, and fish During late fall and winter months, TDS

barriers. The duration of construction will concentrations are higher and peak around

vary depending on the facility, but the major December at 500-600 mg/1 during critically
facilities may take up to a decade or more to dry years, and 300-400 rag/1 during wet years.

construct. Much of this work will include This effect is due primarily to lower (and or

earth moving under wet conditions, and will negative) Delta outflow during this period,

impact water quality through the resuspension caused by a combination of lower Delta

of sediment and possible desorption of inflow and increased SWP/CVP pumping.

chemicals from those sediments. Construction Predicted concentrations of TDS at North Bay

in the Delta will result in turbidity plumes in Aqueduct at Barker Slough are relatively low
the vicinity and somewhat downstream of the and consistent with observed data.
construction activities. If materials required With respect to existing conditions, the
for fill contain constituents of concern, there predicted TDS concentrations under this
may be water quality impacts associated with alternative are generally comparable to
the leachate drainage into Delta channels, concentrations under existing conditions.
Construction also could cause spills of fuels, During critically dry years, predicted TDS
lubricants, or other liquid or solid concentrations at the Contra Costa Canal
construction related materials. Intake tend to be lower than existing

Direct Long-Term Impacts Compared To conditions during the months of February

Existing Conditions: through December.

Salts - Figures 7-10 through 7-12 show DWR’s service contract with the state water
model predictions of TDS at the Contra Costa contractors has a maximum monthly mean

Intake at Rock Slough, Clifton Court Forebay, concentration of 440 mg/1. For the 15 years
and at the North Bay Aqueduct at Barker (180 months) of hydrologic record simulated,

Slough. The figures show model predictions predicted TDS concentrations exceed 440

for the two extreme water year types: wet and mg/1 in 33 months or about 18 % of the
months. These exceedances are predicted tocritically dry water years. Also shown as

representative of existing conditions are the occur during the months of August through

mean monthly measured data for wet and February.

critical years obtained from DWR’s MWQI Salinity intrusion, as indicated by the location
Program and/or the Interagency Ecological of the 2000 ppm TDS isopleth (X2 location),
Program (IEP). was managed in the model (primarily through

At the Contra Costa Intake and Clifton Court, adjusting SWP exports) to meet the regulatory

there is a seasonal pattern of salinity with X2 requirements and other water quality and
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flow requirements as specified in the Bay- conditions, are the mean monthly measured
Delta Water Quality Control Plan (SWRCB, data for wet and critical years (selected based
1995). on data availability) obtained from DWR’s

Natural Organic Matter (NOM) - Figures 7-13 MWQI Program and/or the Interagency

through 7-15 show model predictions of DOC Ecological Program (IEP).

at the Contra Costa Intake at Rock Slough, Because the Bay is the primary source of
Clifton Court Forebay, and at the North Bay bromides in the Delta, the seasonal and inter-
Aqueduct. The figures show model annual variability in bromide concentrations
predictions for two extreme water year types: can be largely explained by the extent of
wet (water year 1986) and critically dry (water salinity intrusion. At the Contra Costa Intake
year 1987). Also shown for reference are predicted bromide concentrations exhibits a
monitoring data for wet and critical years seasonal pattern with low concentrations
(selected based on data availability) obtained (generally less than 0.2 mg/1) during the
from DWR’s MWQI Program and/or the period February through June when Delta
Interagency Ecological Program (IEP). outflow is largely managed for X2 control.

At Contra Costa Intake the predicted and During November through January

measured concentrations are reasonably concentrations peak at around 1-1.4 mg/l,

comparable; both show a peak in DOC of with the higher values corresponding to

about 7-8 mg/1 occurring in February and critically dry years (Figure 7-16).
Concentration are generally.lower at CliftonMarch (Figure 7-13). The effect of year type is
Court (less than 0.5 rag/l) where the effects ofnot very pronounced. Concentrations of DOC

at Clifton Court Forebay range between about salinity intrusion from the Bay (the major
source of bromides) are less pronounced4-6 mg/1. The figures show that predicted
(Figure 7-17). During critical years, predicted

DOC for this alternative (and measured DOC)
and measured bromide concentrations at theexhibits a seasonal pattern with peak DOC

occurring in January and February. Maximum North Bay Aqueduct are very low (generally
less than 0.2 mg/1) indicating that the effectsvalues of DOC are highest at the North Bay

Aqueduct (15-17 mg/1), moderate at the of salinity intrusion at this location are
minimal (Figure 7-18).

Contra Costa Intake (7-9 mg/l) and lowest at
Clifton Court (5-6 mg/1). Predicted and When compared with existing conditions,
measured DOC concentrations are generally predicted bromide concentrations at Contra
higher during wet years compared to critically Costa Intake are substantially higher than
dry years. In general, predicted measured during July through January, and
concentrations are comparable to measured are comparable to" measured data during
data, suggesting that this alternative does not February through June. At Clifton Court
significantly modify DOC concentrations. Forebay, critical year projections are ordy

Bromide - Figures 7-16 through 7-18 show slightly higher than measured; whereas

model predictions of bromide at the Contra predictions for wet water year types are higher
than measured during period July throughCosta Intake at Rock Slough, Clifton Court

Forebay, and at the North Bay Aqueduct. The January. Predicted and measured bromide
concentrations at the NBA are comparable.figures show model predictions for two

extreme water year types: wet (water year Nutrients - Although there are no actions that
1986) and critically dry (water year 1987). would cause a significant decrease in nutrient
Also shown, for reference to existing discharges into the Delta, this alternative is
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intended to improve circulation in the sloughs Direct Long-Term Impacts Compared to the
and rivers in the south Delta and should result No-Action Condition:
in fewer and less intense algal blooms and The No-Action-Condition is assumed to be
attendant low dissolved oxygen conditions,       reasonably represented by the model

Effects of Storage - Model predictions predictions for Alternative 1A. Model
described above do not take into account the predictions for Alternative 1C are very

¯ effects of storage, which in this alternative similar to those for Alternative 1A; however
includes 3 MAF of upstream storage on the the modeling does not account for additional
Sacramento River Tributaries, 1 MAF of storage associated with Alternative 1C which
south-of-the-Delta off aquaduct storage, and should result in overall improved water
500 TAF of groundwater storage in both the quality as discussed above. On this basis, the
Sacramento and San Joaquin Valleys. water quality under this alternative should be
Preliminary DWRSIM modeling has been comparable to or better than the water quality
conducted to evaluate the effects of surface associated with the No-Action Condition.
storage on environmental flows and water Determination of Significance/Mitigation
supply. Details regarding the approach, Measures:
assumptions and limitation of the modeling is
presented in CALFED Bay-Delta Program Table 7-1 shows the scores assigned to
System Operation Modeling Studies for Alternative 1C based on a comparison of
Impact Team Analysis August 7, 1997 (DWR, predicted water quality versus existing
1997d). conditions. The only significant change based

on this comparison is for bromide at Contra
The effects of storage on water quality Costa where significant increases in bromide
depends on operational considerations, but are projected to occur during the period July
will generally tend to improve water quality through January (Table 7-1). This condition is
by redistributing flows from wet to dry likely associated with increased salinity
months and from wet to dry years. These intrusion caused by lower Delta inflow and/or
additional flows will be obtained from surface higher SWP pumping.
and groundwater storage which will be
operated to capture excess or unregulated Table 7-2 shows the scores based on a
flows when water quality is generally good comparison of predicted water quality with
and when diversions to storage will have the the No Action Alternative (assumed to be
least impact on water quality in the Delta. For represented by Alternative 1A). No
this alternative, the modeling predicts an significant water quality effects are identified
additional 540 TAF/yr (for environmental based on this comparison.
and/or consumptive use) during critical dry Bay Region
periods and on average 600 TAF/yr over the
73-year simulated period. Such additional Management actions in the Delta and in the

supplies should substantially improve overall watersheds contributory to the Delta will have

water quality. Depending on the type of outlet a pronounced effect on San Francisco Bay
structure associated with additional storage because water from the Delta is the primary
facilities, there may be some reduction in fresh water source to the Bay. The effects of

Alternative 1C on water quality in Sanwater temperature, lower dissolved oxygen,
and higher turbidity in river reaches Francisco Bay will be primarily positive

downstream of the reservoirs, because the operation of the system is
designed to meet current SWRCB
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requirements and many of the actions in the Direct Short-Term Effects: This alternative
Common Water Quality Program address involves extensive construction of surface
pollutant sources that discharge directly into storage facilities, new and expanded
the Bay or are in the watershed contributory conveyance facilities, intake screens, and fish
to the Bay. barriers. The duration of construction will

With regard to system operation, the major vary depending on the facility, but the major

operational driver is that reservoir releases facilities may take up to a decade or more to
construct. Much of this work will includeand pumping will be managed to ensure that

Delta outflow is sufficient to meet the earth moving under wet conditions, and will

SWQCB salinity (X2) requirements during impact water quality through the resuspension
of sediment and possible desorption ofthe months of February through June. Salinity

requirements will also be met at specific chemicals from those sediments. Construction
in the Delta will result in turbidity plumes inlocations such as Suisuin Marsh. As part of
the vicinity and somewhat downstream of thethe Common Program pollution prevention
construction activities. If materials requiredstrategies (intended to be implemented alone
for fill contain constituents of concern, thereor in concert with watershed management

initiatives) address mining, agriculture, and may be water quality impacts associated with
the leachate drainage into Delta channels.urban sources and are intended to control the
Construction also could cause spills of fuels,loadings of metals, pesticides, pathogens, and

other constituents of concern that ultimately lubricants, or other liquid or solid
construction related materials.are transported into San Francisco Bay.
Direct Long-Term Impacts Compared To7.2.3 Alternative 1B Re-Operation
Existing Conditions:

Table 7-3 shows those alternatives which
Salts - Figures 7-19 through 7-21 showwere modeled. For those alternatives not
model predictions of TDS at the Contra Costamodeled, the table indicates what modeling
Intake at Rock Slough, Clifton Court Forebay,results would be most representative. For
and at the North Bay Aqueduct. The figuresAlternative 1B, the modeling results from

Alternative 1C should be directly applicable show model predictions for the two extreme

because the conveyance features are identical water year types: wet and critically dry water

and it is only the conveyance features which years. Also shown as representative of

were modeled at this time. existing conditions are the mean monthly
measured data for wet and critical years

7.3 ALTERNATIVE 2 THROUGH obtained from DWR’s MWQI Program and/or
DELTA CONVEYANCE the Interagency Ecological Program (IEP).

7.3.1 Alternative 2B Improved Through- The salinity at the three locations is predicted

Delta Conveyance to be quite uniform over the year with TDS
concentrations generally in the range of 100-

(With North of Delta Improvements, 300 mg/1 depending on water year type. With
including 10,000 cfs Hood Intake, South of respect to existing conditions, the predicted
Delta Improvements, CYP-SWP TDS concentrations are generally comparable
Improvements and Additional Storage) to historical concentrations during wet years.
Delta Region At the Contra Costa Intake, predicted TDS for

critically dry years is substantially less than
existing conditions during critical years.
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DWR’s service contract with the state water supporting the general understanding that
contractors has a maximum monthly mean agricultural return flows are a major source of
concentration of 440 mg/1 at Clifton Court. DOC in the Delta. The relatively high
Under this alternative, there are zero concentrations at the North Bay Aqueduct
exceedances of this concentration over the 16 suggests that agricultural return flows make
year simulated period, up a larger proportion of the source water at

this location. In general, the predicted DOCSalinity intrusion, as indicated by the location
concentrations agree quite favorably with theof the 2000 ppm TDS isopleth (X2 location),

was managed in the model (primarily through measured data.

adjusting SWP exports) to meet the regulatory Bromide - Figures 7-25 through 7-27 show
X2 requirements and other water quality and model predictions of bromide at the Contra
flow requirements as specified in the Bay- Costa Intake at Rock Slough, Clifton Court
Delta Water Quality Control Plan (SWRCB, Forebay, and at the North Bay Aqueduct
1995). Intake at Barker Slough. The figures show

Natural Organic Matter (NOM) - Figures 7-22 model predictions for two extreme water year

through 7-24 show model predictions of DOC types: wet (water year 1986) and critically dry

at the Contra Costa Intake at Rock Slough, (water year 1987). Also shown, for reference

Clifton Court Forebay, and at the North Bay to existing conditions, are the mean monthly

Aqueduct. The figures show model measured data for wet and critical years

predictions for two extreme water year types: (selected based on data availability) obtained

wet (water year 1986) and critically dry (water from DWR’s MWQI Program and/or the
Interagency Ecological Program (IEP).year 1987). Also shown for reference are

monitoring data for wet and critical years At the Contra Costa Intake predicted bromide
(selected based on data availability) obtained concentrations are relatively low (less than 0.3
from DWR’s MWQI Program and/or the mg/1) and do not show a seasonal pattern or
Interagency Ecological Program (IEP). effect of water year type (Figure 7-25). Wet

At Contra Costa Intake the predicted and year concentrations are generally comparable

measured concentrations are quite to existing conditions whereas critical year

comparable; both show a peak in DOC of concentrations are lower than measured,

about 7-8 mg/1 occurring in February and particularly during October through January.
Bromide concentration at Clifton Court showMarch (Figure 7-22). Concentrations of DOC
a seasonal pattern during wet years withat Clifton Court Forebay are relatively
relatively low concentrations (less than 0.2constant under this alternative; values range

between about 4-6 mg/1 (Figure 7-23). The mg/1) during Febri~ary through June. (This is
the period when Delta outflow is largelyeffect of water year type at these two locations

is not very pronounced. In contrast, governed by the X2 regulatory requirements.)

maximum values of DOC are substantially During critical years, bromide is higher during

higher at the North Bay Aqueduct with peak this period. In general predicted
concentrations at this location tend to beconcentrations of about 14 mg/1 during

critically dry water years and about 8 mg/1 higher than measured. Predicted and measured
bromide concentrations at the North Bayduring wet years. The seasonal trends at the

North Bay Aqueduct and Contra Costa Intake Aqueduct are very low (generally less than 0.2

are generally consistent with DOC mg/1) indicating that the effects of salinity

measurements from agricultural return flows,
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intrusion at this location are minimal (Figure storage facilities, there may be some reduction
7-27). in water temperature, lower dissolved oxygen,

Nutrients - Although there are no actions that and higher turbidity in river reaches

would cause a significant decrease in nutrient downstream of the reservoirs.

discharges into the Delta, this alternative is Direct Long-Term Impacts Compared to the
intended to improve circulation in the sloughs No-Action Condition:
and rivers in the south Delta and should result Model predictions for this alternative were
in fewer and less intense algal blooms and compared to predictions for Alternative 1A,
attendant low dissolved oxygen conditions, which is considered most representative of the
Effects of Storage - Model predictions No-Action Condition. TDS concentrations at
described above do not take into account the the Contra Costa Intake and Clifton Court
effects of storage, which in this alternative Forebay are comparable to the No-Action-
includes 3 MAF of upstream storage on the Alternative during February through June, and
Sacramento River Tributaries, 2 MAF of much lower (by as much as 200-400 mg/1)
south-of-the-Delta off aqueduct storage, 500 during October through January. Predicted
TAF of surface storage in the San Joaquin TDS concentrations at the North Bay
Valley, and 500 TAF of groundwater storage Aqueduct are very similar to the No-Action-
in both the Sacramento and San Joaquin Alternative. Predicted concentrations of DOC
Valleys. Preliminary DWRSIM modeling has under this alternative are comparable to
been conducted to evaluate the effects of concentrations under the No-Action
surface storage on environmental flows and Alternative, but the predicted concentrations
water supply. Details regarding the approach, do not take into account the effects of storage
assumptions and limitation of the modeling is associated with Alternative 2B. Such storage
presented in CALFED Bay-Delta Program would tend to reduce concentrations,
System Operation Modeling Studies for especially during critical years, to values
Impact Team Analysis, August 7, 1997 below the No-Action Alternative. Predicted
(DWR, 1997d). bromide concentrations at the Contra Costa

The effects of storage on water quality Intake are comparable to the No-Action
Alternative during February through June, anddepends on operational considerations, but
much lower (by as much as 1 mg/1) duringwill generally tend to improve water quality

by redistributing flows from wet to dry October through January. At Clifton Court

months and from wet to dry years. Forebay, predicted bromide concentrations are
lower than concentrations in the No-ActionAccording to the modeling results, this
Alternative in November through January;alternative is predicted to yield on average an
otherwise concentrations are higher than thoseadditional 540 TAF/yr during critical years
in the No-Action Alternative. Again, thisand 600 TAF/yr during the 73 year hydrologic

sequence. These additional flows will be comparison of model results does not take
into the effects of storage, which are expectedobtained from surface and groundwater
to reduce concentrations below thosestorage which will be operated to capture

excess or unregulated flows when water predicted. At the North Bay Aqueduct,

quality is generally good and when diversions bromide concentrations are similar to the No-
Action Alternative.to storage will have the least impact on water

quality in the Delta. Depending on the type of Determination of Significance/Mitigation
outlet structure associated with additional Measures:
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Table 7-1 shows the scores assigned to or in concert with watershed management
Alternative 2B based on a comparison of initiatives) address mining, agricukure, and
predicted water quality versus existing urban sources and are intended to control the

’ conditions. The only significant change based loadings of metals, pesticides, pathogens, and
on this comparison is for salinity and bromide other constituents of concern that ultimately
at Contra Costa where significant are transported into San Francisco Bay.

¯           improvement ?aa water quality is projected to      7.3.3 Alternative 2D Improved Through-
occur. Delta Conveyance
Table 7-2 shows the scores based on a (With 10,000 cfs Hood Intake, Mokelumnecomparison of predicted water quality with R. Floodway, East and South Delta
the No Action Altemative (assumed to be Habitat, CVP-SWP Improvements, and 2
represented by Alternative 1A). Significant MAF South of Delta Off Aqueduct Storage)
water quality improvements are projected to
occur for salinity at the Contra Costa Intake Delta Region
and Clifton Court, and for bromide at Contra Direct Short-Term Effects: This alternative
Costa. involves extensive construction of surface
Bay Region storage facilities, new and expanded

conveyance facilities, intake screens, and fish
Management actions in the Delta and in the barriers. The duration of construction will
watersheds contributory to the Delta will have vary depending on the facility, but the major
a pronounced effect on San Francisco Bay facilities may take up to a decade or more to
because water from the Delta is the primary construct. Much of this work will include
fresh water source to the Bay. The effects of earth moving under wet conditions, and will
Alternative 2B on water quality in San impact water quality through the resuspension
Francisco Bay will be primarily positive of sediment and possible desorption of
because the operation of the system is chemicals from those sediments. Construction
designed to meet current SWRCB in the Delta will result in turbidity plumes in
requirements and many of the actions in the the vicinity and somewhat downstream of the
Common Water Quality Program address construction activities. If r~aterials required
pollutant sources that discharge directly into for fill contain constituents of concern, there
the Bay or are in the watershed contributory may be water quality impacts associated with
to the Bay. the leachate drainage into Delta channels.
With regard to system operation, the major Construction also could cause spills of fuels,
operational driver is that reservoir releases lubricants, or other liquid or solid
and pumping will be managed to ensure that construction related materials.
Delta outflow is sufficient to meet the Direct Long-Term Impacts Compared To
SWQCB sali~’ty (X2) requirements during Existing Conditions:
the months of February through June. Salinity

, requirements will also be met at specific Salts - Figures 7-28 through 7-30 show
locations such as Suisuin Marsh. As part of model predictions of TDS at the Contra Costa
the Common Program pollution prevention Intake at Rock Slough, Clifton Court Forebay,

. strategies (intended to be implemented alone and at the North Bay Aqueduct.
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The figures show model predictions for the year 1987). Also shown for reference are
two extreme water year types: wet and monitoring data for wet and critical years
critically dry water years. Also shown as (selected based on data availability) obtained
representative of existing conditions are the from DWR’s MWQI Program and/or the
mean monthly measured data for wet and Interagency Ecological Program (IEP).
critical years obtained from DWR’s MWQI At the Contra Costa Intake the predicted and
Program and/or the Interagency Ecological

measured concentrations are similar; both
Program (IEP). show a peak in DOC occurring in February
The predicted salinity at Contra Costa Intake (Figure 7-31). For wet years, the peak
and Clifton Court Forebay is predicted to be concentration is about 7 rag/1 whereas for
quite uniform seasonally with TDS critical years the peak concentration is about 6
concentrations generally in the range of 100- mg/1. Concentrations of DOC at Clifton Court
300 mg/1 depending on water year type. With Forebay are relatively constant under this
respect to existing conditions, the predicted alternative; values range between about 4-6
TDS concentrations during wet years are mg/1 (Figure 7-32). The effect of water year
generally comparable to historical type at these two locations is not very
concentrations. During critically dry years, pronounced. In contrast, maximum values of
predicted TDS at Contra Costa Intake Canal is DOC are substantially higher at the North Bay
substantially less than existing conditions Aqueduct with predicted peak concentrations
throughout the year. At Clifton Court, of about 14 mg/1 during critically dry water
predicted TDS during critical years is less years and about 8 mg/1 during wet years. The
than measured during the winter months, seasonal trends at the North Bay Aqueduct

and Contra Costa Intake are generallyDWR’s service contract with the state water
consistent with DOC measurements fromcontractors has a maximum monthly mean

concentration of 440 mg/1 at Clifton Court. agricultural return flows, supporting the
general contention that agricultural returnUnder this alternative, there are zero
flows are a major source of DOC in the Delta.exceedances of this concentration over the 16

year simulated period. The relatively high concentrations at the
North Bay Aqueduct suggests that agricultural

Salinity intrusion, as indicated by the location return flows make up a larger proportion of
of the 2000 ppm TDS isopleth (X2 location), the water at this location.
was managed in the model (primarily through
adjusting SWP exports) to meet the regulatory Bromide - Figures 7-34 through 7-36 show

X2 requirements and other water quality and model predictions of bromide at the Contra
Costa Intake at Rock Slough, Clifton Courtflow requirements as specified in the Bay-

Delta Water Quality Control Plan (SWRCB, Forebay, and at the North Bay Aqueduct

1995). Intake at Barker Slough. The figures show
model predictions for two extreme water year

Natural Organic Matter (NOM) - Figures 7-31 types: wet (water year 1986) and critically dry
through 7-33 show model predictions of DOC (water year 1987). Also shown, for reference
at the Contra Costa Intake at Rock Slough, to existing conditions, are the mean monthly
Clifton Court Forebay, and at the North Bay measured data for wet and critical years
Aqueduct. The figures show model (selected based on data availability) obtained
predictions for two extreme water year types: from DWR’s MWQI Program and/or the
wet (water year 1986) and critically dry (water Interagency Ecological Program (IEP).
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At the Contra Costa Intake predicted bromide yield 220 TAF/yr additional volume (for
concentrations are relatively low (less than 0.3 environmental and/or consumptive use)
mg/1) and do not show a seasonal pattern or during critically dry years. For the 73 year
strong effect of water year type (Figure 7-34). hydrologic sequence, on average 370 TAF/yr
Wet year concentrations are generally is projected to be available. The effects of
comparable to existing conditions whereas storage on water quality will depend on the
critical year concentrations are lower than size and location of the facilities, and
measured, particularly during October through operational considerations, but will generally
January. Bromide concentration at Clifton tend to improve water quality by
Court show a seasonal pattern during wet redistributing flows from wet to dry months
years with relatively low concentrations (less and from wet to dry years. Given that this
than 0.2 rag/l) during February through June. alternative includes south of Delta storage
(This is the period when Delta outflow is only, the potential for improving water quality
largely governed by the X2 regulatory in the Delta will be limited by pump and
requirements.) During critical years, bromide conveyance capacities linking the additional
is higher during this period. In general storage to the Delta.
predicted concentrations at this location tend Direct Long-Term Impacts Compared to the
to be higher than measured. Predicted and No-Action Condition:
measured bromide concentrations at the North
Bay Aqueduct are very low (generally less Salinity - Model predictions for this
than 0.2 mg/1) indicating that the effects of alternative were compared to predictions for
salinity intrusion at this location are minimal Alternative 1A, which is considered most
(Figure 7-36). representative of the No-Action Condition.

TDS concentrations at the Contra Costa
Nutrients - Conversion of agricultural lands to Intake are lower than those associated with
wetlands will likely decrease nutrient the No-Action Alternative during July through
discharges which, coupled with improved January. TDS concentrations at Clifton Court
circulation in the sloughs and rivers in the Forebay are comparable to the No-Action
south Delta, should mitiagate against algal Alternative during February through June, and
blooms and attendant low dissolved oxygen much lower (by as much as 200 mg/1) during
conditions. October through January. Predicted TDS at
Effects of Storage - Model predictions the North Bay Aqueduct are very similar to
described above do not take into account the concentrations associated with the No-Action-
effects of storage, which in this alternative Alternative.
includes 2 MAF of south-of-the-Delta off DOC - Predicte~i concentrations of DOC at all
aquaduct storage. Preliminary DWRSIM three locations are comparable to
modeling has been conducted to evaluate the concentrations under the No-Action
effects of surface storage on environmental Alternative.
flows and water supply. Details regarding the
approach, assumptions and limitation of the Bromide - Predicted bromide concentrations
modeling is presented in CALFED Bay-Delta at Contra Costa Intake are comparable to the
Program System Operation Modeling Studies No-Action Alternative during February
for Impact Team Analysis, August 7, 1997 through June, and much lower (by as much as
(DWR, 1997d). This modeling predicts that 1 mg/1) during October through January. At
storage associated with this alternative will Clifton Court Forebay, predicted bromide
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concentrations are lower than concentrations and pumping will be managed to ensure that
in the No-Action Alternative in November Delta outflow is sufficient to meet the
through January; otherwise concentrations are SWQCB salinity (X2) requirements during
higher than those in the No-Action the months of February through June. Salinity
Alternative. At the North Bay Aqueduct, requirements will also be met at specific
bromide concentrations are similar to the No- locations such as Suisuin Marsh. As part of
Action Alternative. the Common Program pollution prevention

Determination of Significance/Mitigation strategies (intended to be implemented alone
or in concert with watershed managementMeasures:
initiatives) address mining, agricukure, and

Table 7-1 shows the scores assigned to urban sources and are intended to control the
Alternative 2D based on a comparison of loadings of metals, pesticides, pathogens, and
predicted water quality versus existing other constituents of concern that ultimately
conditions. The only significant change based are transported into San Francisco Bay.
on this comparison is for salinity and bromide

7.3.3 Alternative 2E Through Deltaat Contra Costa where significant Conveyanceimprovement in water quality is projected to
occur. (Mokelumne R. Floodway, East and South

Delta Habitat, CVP-SWP Improvements,Table 7-2 shows the scores based on a and Extensive Storage)comparison of predicted water quality with
the No Action Alternative (assumed to be Delta Region
represented by Alternative 1A). Significant Direct Short-Term Effects: This alternative
water quality improvements are projected to involves extensive construction of surface
occur for salinity at the Contra Costa Intake storage facilities, new and expanded
and Clifton Court, and for bromide at Contra conveyance facilities, intake screens, and fish
Costa. barriers. The duration of construction will
Bay Region vary depending on the facility, but the major

facilities may take up to a decade or more toManagement actions in the Delta and in the
construct. Much of this work will includewatersheds contributory to the Delta will have
earth moving under wet conditions, and willa pronounced effect on San Francisco Bay

because water from the Delta is the primary impact water quality through the resuspension
of sediment and possible desorption offresh water source to the Bay. The effects of
chemicals from those sediments. ConstructionAlternative 2D on water quality in San
in the Delta will result in turbidity plumes inFrancisco Bay will be primarily positive
the vicinity and somewhat downstream of thebecause the operation of the system is
construction activities. If materials requireddesigned to meet current SWRCB

requirements and many of the actions in the for fill contain constituents of concern, there

Common Water Quality Program address may be water quality impacts associated with

pollutant sources that discharge directly into the leachate drainage into Delta channels.

the Bay or are in the watershed contributory Construction also could cause spills of fuels,

to the Bay. lubricants, or other liquid or solid
construction related materials.

With regard to system operation, the major
operational driver is that reservoir releases
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Direct Long-Term Impacts Compared To Natural Organic Matter (NOM) - Figures 7-40
Existing Conditions: through 7-42 show model predictions of DOC

at the Contra Costa Intake at Rock Slough,Salts - Figures 7-37 through 7-39 show
model predictions of TDS at the Contra Costa Clifton Court Forebay, and at the North Bay

Intake at Rock Slough, Clifton Court Forebay, Aqueduct. The figures show model

and at the North Bay Aqueduct. The figures predictions for two extreme water year types:
wet (water year 1986) and critically dry (watershow model predictions for wet and critically

dry water years types at all locations except at year 1987). Also shown for reference are

the North Bay Aqueduct where model monitoring data for wet and critical years

predictions of salinity during wet years can be (selected based on data availability) obtained
from DWR’s MWQI Program and/or themisleading. Also shown as representative of

existing conditions are the mean monthly Interagency Ecological Program (IEP).

measured data for wet and critical years At the Contra Costa Intake the predicted and
obtained from DWR’s MWQI Program and/or measured concentrations are similar; both
the Interagency Ecological Program (IEP). show a peak in DOC occurring in February

The salinity at Contra Costa Intake and (Figure 7-40). For wet years, the peak
concentration is about 7 mg/1 whereas forClifton Court Forebay is predicted to be

relatively uniform seasonally with TDS critically dry years the peak concentration is
about 4 mg/1. At Clifton Court Forebay, thereconcentrations generally in the range of 100-
is a seasonal trend with a peak in February300 mg/l depending on water year type. With

respect to existing conditions, the predicted around 6 rag/l; water year type has little effect

TDS concentrations during wet years are (Figure 7-41). Peak values of DOC are

generally comparable to historical substantially higher at the North Bay
Aqueduct with peak predicted concentrationsconcentrations. During critically dry years,
of about 14 mg/1 during wet water years andpredicted TDS is substantially less than
about 8 rag/1 during critically dry yearsexisting conditions throughout the year. At

Clifton Court, predicted TDS during critical (Figure 7-42). In general the predicted
concentrations at the three locations are quiteyears is less than measured during October

through January. comparable to the measured data.

The seasonal trends with a peak aroundDWR’s service contract with the state water
contractors has a maximum monthly mean February are generally consistent with DOC

concentration of 440 mg/1 at Clifton Court. measurements from agricultural return flows,
supporting the general contention thatUnder this alternative, there are zero

exceedances of this concentration over the 16 agricultural return flows are a major source of

year simulated period. DOC in the Delta. The relatively high
concentrations at the North Bay Aqueduct

Salinity intrusion, as indicated by the location suggests that agricultural return flows make
of the 2000 ppm TDS isopleth (X2 location), up a larger proportion of the source water at
was managed in the model (primarily through this location.
adjusting SWP exports) to meet the regulatory

Bromide - Figures 7-43 through 7-45 showX2 requirements and other water quality and
model predictions of bromide at the Contraflow requirements as specified in the Bay-
Costa Intake at Rock Slough, Clifton CourtDelta Water Quality Control Plan (SWRCB,

1995). Forebay, and at the North Bay Aqueduct
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Intake at Barker Slough. At the Contra Costa The effects of storage on water quality will
Intake predicted bromide concentrations are depend on the size and location of the
rehtively low (less than 0.3 rag/l) and do not facilities, and operational considerations but
show a seasonal pattern or effect of water year will generally improve water quality by
type (Figure 7-43). Wet year concentrations redistributing flows from wet to dry months
are generally comparable to existing and from wet to dry years. According to the
conditions whereas critical year modeling conducted, this alternative is
concentrations are lower than measured, predicted to increase total supply
particularly during October through January. (environmental and consumptive) during
Predicted bromide concentration at Clifton critical dry years by 540 TAF/yr. which is
Court show a seasonal pattern with relatively likely to significantly improve overall water
low concentrations (less than 0.4 mg/1) quality during these years. As diversions to
during February through June. (This is the storage will be operated to capture
period when Delta outflow is largely unregulated flows when water quality is
governed by the X2 regulatory requirements.) generally better, the diversions should not
Predicted concentrations at this location tend significantly impair water quality.
to be higher than measured during July Direct Long-Term Impacts Compared to the
through January when the X2 requirements No-Action Condition:
are relaxed. Predicted and measured bromide
concentrations at the North Bay Aqueduct are Salinity - Model predictions for this
very low (generally less than 0.2 mg/1) alternative were compared to predictions for
indicating that the effects of salinity intrusion Alternative 1A, which is considered most
at this location are minimal (Figure 7-45). representative of the No-Action Condition.

TDS concentrations at the Contra Costa
Nutrients - Conversion of agricultural lands to Intake are comparable to the No-Action
wetlands will likely decrease nutrient Alternative during February through June and
discharges which, coupled with improved substantially lower (by as much as 400 mg/1)
circulation in the sloughs and rivers in the during other months. TDS concentrations at
south Delta, should mitigate against algal Clifton Court Forebay are comparable to the
blooms and attendant low dissolved oxygen No-Action Alternative during February
conditions, through June, and much lower (by as much as
Effects of Storage - Model predictions 200 mg/1) during October through January.
described above do not take into account the Predicted TDS concentrations at the North
effects of storage, which in this alternative are Bay Aqueduct are almost identical to
extensive. Preliminary DWRSIM modeling predicted concerftrations associated with the
has been conducted to evaluate the effects of No Action Alternative.
surface storage on environmental flows and DOC - Predicted concentrations of DOC at all
water supply. Details regarding the approach, three locations are comparable to
assumptions and limitation of the modeling is concentrations under the No-Action
presented in CALFED Bay-Delta Program Alternative.
System Operation Modeling Studies for
Impact Team Analysis, August 7, 1997 Bromide - Predicted bromide concentrations
(DWR, 1997d). at Contra Costa Intake are similar to the No-

Action Alternative during February through
June and much lower (by as much as 1 mg/1)
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during other months. At Clifton Court and pumping will be managed to ensure that
Forebay predicted peak concentrations are less Delta outflow is sufficient to meet the
than those associated with the No-Action- SWQCB salinity (X2) requirements during
Alternative. At North Bay Aqueduct, the months of February through June. Salinity
predicted bromide concentrations are very requirements will also be met at specific
similar to concentrations in the No-Action- locations such as Suisuin Marsh. As part of
Alternative. the Common Program pollution prevention

Determination of Significance/Mitigation strategies (intended to be implemented alone

Measures or in concert with watershed management
initiatives) address mining, agriculture, and

Table 7-1 shows the scores assigned to urban sources and are intended to control the
Alternative 2E based on a comparison of loadings of metals, pesticides, pathogens, and
predicted water quality versus existing other constituents of concern that ultimately
conditions. The only significant change based are transported into San Francisco Bay.
on this comparison is for salinity and bromide
at Contra Costa where significant 7.3.4 Alternative 2A Improved Through

Delta Conveyanceimprovement in water quality is projected to
occur. Table 7-3 shows those alternatives which

were modeled. For those alternatives notTable 7-2 shows the scores based on a
comparison of predicted water quality with modeled, the table indicates what modeling

results would be most representative. For
the No Action Alternative (assumed to be Alternative 2A, the modeling results fromrepresented by Alternative 1A). Significant

Alternative 2B should be directly applicablewater quality improvements are projected to
because the conveyance features are identicaloccur for salinity at the Contra Costa Intake

and Clifton Court, and for bromide at Contra
and it is only the conveyance features which

Costa. were modeled at this time.

Bay Region 7.4 ALTERNATIVE 3 DUAL
DELTA CONVEYANCE

Management actions in the Delta and in the
watersheds contributory to the Delta will have 7.4.1 Alternative 3E Dual Delta
a pronounced effect on San Francisco Bay Conveyance
because water from the Delta is the primary (15,000 cfs Hood Intake and Open Channel
fresh water source to the Bay. The effects of Isolated Fadlity, North Delta
Alternative 2E on water quality in San Improvemnts, CVP-SWP Improvements,
Francisco Bay will be primarily positive and Surface and Groundwater Storage
because the operation of the system is North and South of Delta)
designed to meet current SWRCB
requirements and many of the actions in the Delta Region
Common Water Quality Program address Direct Short-Term Effects: This alternative
pollutant sources that discharge directly into involves extensive construction of surface
the Bay or are in the watershed contributory storage facilities, new and expanded
to the Bay. conveyance facilities, intake screens, and ftsh
With regard to system operation, the major barriers. The duration of construction will
operational driver is that reservoir releases vary depending on the facility, but the major
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facilities may take up to a decade or more to exceedances of this concentration over the 16
construct. Much of this work will include year simulated period.
earth moving under wet conditions, and will Salinity intrusion, as indicated by the location
impact water quality through the resuspension of the 2000 ppm TDS isopleth (X2 location),
of sediment and possible desorption of was managed in the model (primarily through
chemicals from those sediments. Construction adjusting SWP exports) to meet the regulatory
in the Delta will result in turbidity plumes in X2 requirements and other water quality and
the vicinity and somewhat downstream of the flow requirements as specified in the Bay-
construction activities. If materials required Delta Water Quality Control Plan (SWRCB,
for fill contain constituents of concern, there 1995).
may be water quality impacts associated with
the leachate drainage into Delta channels. Natural Organic Matter (NOM) - Figures 7-49
Construction also could cause spills of fuels, through 7-51 show model predictions of DOC
lubricants, or other liquid or solid at the Contra Costa Intake at Rock Slough,
construction related materials. Clifton Court Forebay, and at the North Bay

Aqueduct. At the Contra Costa Intake the
Direct Long-Term Impacts Compared To predicted concentrations are substantially
Existing Conditions: higher (by 2-4 mg/1) than under existing
Salts - Figures 7-46 through 7-48 show conditions (Figure 7-49). For wet years, the
model predictions of TDS at the Contra Costa peak concentration is about 10 mg/1 whereas
Intake at Rock Slough, Clifton Court Forebay, for critically dry years the peak concentration
and at the North Bay Aqueduct. The salinity at is about 8 mg/1. At Clifton Court Forebay,
Contra Costa Intake is predicted to be similar predicted DOC is low (around 2 mg/1)
to existing conditions with some improvement throughout the year and substantially lower
in TDS in June through September during than under existing conditions where the peak
critical years and increased TDS in October DOC concentrations are about 5-6 mg/1
through January for wet years. At Clifton (Figure 7-50). Predicted and measured
Court, predicted TDS during wet years is concentrations of DOC are substantially
consistently around 100 mg/1 which reflects higher at the North Bay Aqueduct. Predicted
the quality of the Sacramento River water peak concentrations are about 14 mg/1 during
delivered via the isolated facility. During wet water years (compared to a measured of
critically dry years, predicted TDS 12 mg/1). During critically dry years predicted
occasionally increases up to 200 mg/1 and measured peak concentrations are about 8
depending on the month. Predicted mg/1 (Figure 7-51).
concentrations at Clifton Court are less than The seasonal trends with a peak around
measured, especially during critically dry February are generally consistent with DOC
years. Predicted and measured TDS at the measurements from agricultural return flows,
North Bay Aqueduct are comparable and supporting the general contention that
generally below 200 mg/1. agricultural return flows are a major source of
DWR’s service contract with the state water DOC in the Delta. The relatively high
contractors has a maximum monthly mean concentrations at the North Bay Aqueduct
concentration of 440 mg/1 at Clifton Court. suggests that agricultural return flows make
Under this alternative, there are zero up a larger proportion of the source water at

this location.
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Bromide - Figures 7-52 through 7-54 show considerations but will generally improve
model predictions of bromide at the Contra water quality by redistributing flows from wet
Costa Intake at Rock Slough, Clifton Court to dry months and from wet to dry years.
Forebay, and at the North Bay Aqueduct According to the modeling conducted, this
Intake at Barker Slough. At the Contra Costa alternative is predicted to increase total supply
Intake predicted bromide concentrations (environmental and consumptive) during
during wet years are quite low (less than 0.2 critical dry years by 850 TAF/yr. which is
mg/1) and comparable to measured data likely to significantly improve overall water
except during October through January when quality during these years. As diversions to
predicted concentrations are 0.5-0.6 mg/l storage will be operated to capture
which are substantially higher than measured, unregulated flows when water quality is
During critical years, predicted concentrations generally better, the diversions should not
are lower than observed in October through significantly impair water quality when
January, but tend to be higher than observed storage is being filled.
in February through May. Predicted bromide

Direct Long-Term Impacts Compared to the
concentrations at Clifton Court are uniformly No-Action Condition:
low (less than 0.1 mg/1) and less than
observed throughout the year. Predicted and Salinity - Model predictions for this
measured bromide concentrations at the North alternative were compared to predictions for
Bay Aqueduct are low (generally less than 0.2 Alternative 1A, which is considered most
mg/1) indicating that the effects of salinity representative of the No-Action Condition.
intrusion at this location are minimal (Figure TDS concentrations at the Contra Costa
7-45). Intake are comparable to the No-Action

Alternative for wet water year types. During
Nutrients - Conversion of agricultural lands to critical years, predicted TDS is more uniform
wetlands will likely decrease nutrient throughout the year with the result that
discharges which, coupled with improved predicted concentrations are less than the No
circulation in the sloughs and rivers in the Action Alternative in December through
south Delta, should mitigate against algal February and higher in March through July.
blooms and attendant low dissolved oxygen Predicted TDS concentrations at Clifton Court
conditions. Forebay are generally comparable to the No-
Effects of Storage - Model predictions Action Alternative during February through
described above do not take into account the September, and much lower (by as much as
effects of storage, which in this alternative are 200 mg/1) during October through January.
extensive. Preliminary DWRSIM modeling Predicted TDS cbncentrations at the North
has been conducted to evaluate the effects of Bay Aqueduct are esentially identical to
surface storage on environmental flows and predicted concentrations associated with the
water supply. Details regarding the approach, ’ No Action Alternative.
assumptions and limitation of the modeling is DOC - Predicted concentrations of DOC at
presented in CALFED Bay-Delta Program Contra Costa Intake are substantivally higher
System Operation Modeling Studies for when compared to the No Action Alternative.
Impact Team Analysis, August 7, 1997 For example, during critical years, predicted
(DWR, 1997d). The effects of storage on peak concentrations are about 10 mg/1
water quality will depend on the size and compared to peak of about 5 mg/1 for the No
location of the facilities, and operational
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Action Condition (Alternative 1A). Predicted Bay Region
concentrations at Clifton Court are Management actions in the Delta and in the
substantially less (by as much as 2-3 mg/1) watersheds contributory to the Delta will have
than the No Action Alternative. Predicted a pronounced effect on San Francisco Bay
concentrations of DOC at the North Bay because water from the Delta is the primary
Aqueduct intake are very similar to the No fresh water source to the Bay. The effects of
Action Alternative. Alternative 3E on water quality in San
Bromide - During wet years, predicted Francisco Bay will be primarily positive
bromide concentrations at Contra Costa Intake because the operation of the system is
are substantial lower than the No-Action designed to meet current SWRCB
Alternative in October through December, and requirements and many of the actions in the
are otherwise comparable. During critically Common Water Quality Program address
dry years, predicted concentrations show less pollutant sources that discharge directly into
of a seasonal trend than the No Action the Bay or are in the watershed contributory
Alternative; the result being that predictions to the Bay.
are lower than the No Action Alternative
during July through January and higher from

With regard to system operation, the major
operational driver is that reservoir releasesFebruary through June. At Clifton Court
and pumping will be managed to ensure that

Forebay, predicted bromide concentrations Delta outflow is sufficient to meet the
are much lower to concentrations in the No- SWQCB salinity (X2) requirements during
Action Alternative. At the North Bay the months of February through June. Salinity
Aqueduct Intake in Barker Slough, predicted requirements will also be met at specific
concentrations are very similar to the No

locations such as Suisuin Marsh. As part of
Action Alternative. the Common Program pollution prevention
Determination of Significance/Mitigation strategies (intended to be implemented alone
Measures or in concert with watershed management

Table 7-1 shows the scores assigned to initiatives) address mining, agriculture, and

Alternative 2E based on a comparison of urban sources and are intended to control the

predicted water quality versus existing loadings of metals, pesticides, pathogens, and
other constituents of concern that ultimatelyconditions. The significant changes based on
are transported into San Francisco Bay.this comparison is for improved salinity,

DOC, and bromide at Clifton Court and 7.4.2 Alternatives 3A, 3B, 3C, 3D, 31-1
poorer levels of DOC at the Contra Costa Dual Delta Conveyance
Canal Intake. Table 7-3 shows those alternatives which
Table 7-2 shows the scores based on a wree modeled. For those alternatives not
comparison of predicted water quality with modeled, the table indicates what modeling
the No-Action-Alternative (assumed to be results would be most representative. For
represented by Alternative 1A). The Alternatives 3A, 3B, 3C, 3D and 3H the
significant changes based on this comparison modeling results from Alternative 3E is the
are: at Clifton Court improved salinity, DOC, only guide to the nature of possible water
and bromide; at the Contra Costa Canal Intake quality effects. However, since these
improved bromide but poorer DOC. alternatives call for 5,000 cfs rather than the

15,000 cfs modeled in Alternative 3E, the
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model predictions should be interpreted more
o qualitatively (e.g., to indicate possible trends)

than quantitatively.
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TABLE 7-1

WATER QUALITY IMPACTS SUMMARY TABLE
(relative to existing conditions)

Water YearRegion Constituent Location Alternative
Type

, ,, ¯ ........ix- ........T ..........i~ .........I ..........~~ ..........T .........~ ...................~~ .........I ..........~~ ..........
Delta

Salinity (TDS) Contra Costa critical 1 1 2 2 2 1
Clifton Court critical 0 0 1 1 1 2

NBA critical 0 0 0 0 0 0

DOC Conga Costa wet 0 0 0 0 0 -2
Clifton Court wet 0 0 0 0 0 2

NBA wet -1 -1 -1 -1 ~1 -1 I~.

Bromide Contra Costa critical -2 -2 2 2 2 - 1 ~
Clifton Court critical -2 - 1 - 1 - I - 1 2

NBA critical 0 0 0 0 0 0 ~"

I

code: 2: significant improvement in water quality for most months
1: some improvement in water quality over some months
0: comparable water quality
-1: somewhat poorer water quality over some months
-2: significantly poorer water quality for most months

x:~calfed~impact-r~S9634.020 Tbl 7-1 7-- 2 2



TABLE 7-2

WATER QUALITY IMPACTS SUMMARY TABLE
(relative to no action conditions)

Water YearRegion Constituent Location
Type

Alternative

.......... ~x .........t ..........i~ .........I ...........~~ ..........I .........~ ...................~ .........I ..........~~ ..........
Delta I / I

Salinity (TDS) Contra Costa critical N/A 1 2 2 2 -1
Clifton Court critical N/A 1 2 2 2 2

NBA critical N/A 0 0 0 0 0

DOC Contra Costa wet N/A 1 0 0 0 -2
Clifton Court wet N/A 1 0 0 0 2                       ~0

NBA wet N/A 0 0 0 0 0 O~

Bromide Contra Costa critical N/A 1 2 2 2 2
Clifton Court critical N/A 1 1 1 1 2 ~"

NBA critical N/A 0 0 0 0 0 ~

code: 2: significant improvement in water quality for most months
1: some improvement in water quality over some months
0: comparable water quality
-1: somewhat poorer water quality over some months
-2: significantly poorer water quality for most months

x:~.lf~xt~impaet-r\$9634.020 Tbl %2
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TABLE 7-3

SCOPE AND REPRESENTATIVENESS OF WATER QUALITY MODELING

If not modeled
most representative

Alternative Configuration Features Modeled modeled sub-alternative

1 A Re-Operation yes

1 B Re-Operation no 1C
CVP-SWP Improvements

1 C Re-Operation yes
CVP-SWP Improvements
South Delta Improvements
Up to 5 MAF Added Storage

2 A North Delta Improvements no 2B
10,000 cfs Hood Intake
South Delta Improvements

2 B North Delta Improvements yes
1.0,000 cfs Hood Intake
South Delta Improvements
CVP-SWP Improvements
Up to 6.2 MAF Added Storage

2 C Multiple Intake Altemative no (tentatively dropped)

2 D 10,000 cfs Hood Intake yes
Mokelumne River Floodway (East)
East Delta Habitat
South Delta Habitat
CVP-SWP Improvements
Up to 2 MAF Aqueduct Storage

2 E Tyler Island Habitat yes
Mokelumne River Floodway (East)
East Delta Habitat
South Delta Habitat
CVP-SWP Improvements
Up to 6.5 MAF Added Storage o

3 A 5,000 cfs Open Channel IF no 3E
North Delta Improvements
South Delta Improvements
CVP-SWP Improvements

x:~alf~himpact.fiS9634.020 Tbl 7-3                                                                                  7-24
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TABLE 7-3

SCOPE AND REPRESENTATIVENESS OF WATER QUALITY MODELING

If not modeled

~ most representative
Alternative Configuration Features Modeled modeled sub-alternative

3 B 5,000 cfs Open Channel IF no 3E
North Delta Improvements
South Delta Improvements
CVP-SWP Improvements
Up to 6.7 MAF Added Storage

3 C 5,000 cfs Pipe IF no 3E
iNorth Delta Improvements
South Delta Improvements
CVP-SWP Improvements

3 D 5,000 cfs Pipe IF no 3E
North Delta Improvements
South Delta Improvements
CVP-SWP Improvements
Up to 6.7 MAF Added Storage

3 E 15,000 cfs Open Channel IF yes
North Delta improvements
CVP-SWP Improvements
Up to 6.7 MAF Added Storage

3 F Chain of Lakes (tentatively dropped)

3 G Screened Deep Water Ship (tentatively dropped)
Channel and West Delta Tunnel

5,000 cfs Open Channel IF no 3E
Tyler Island Habitat
Mokelumne River Floodway (West)
East Delta Habitat
South Delta Habitat
CVP-SWP Improvements
Up to 6.5 MAF Added Storage

x:’w~l fed’,i rap ac~-r~ 9634,020 I31 7-3                                                                                  7-2 5
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FIGURE 7-1
ALTERNATIVE 1A- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR August 4, 1997. Historical Data: Interagency Ecological Program.
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FIGURE 7-2
ALTERNATIVE 1A-CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR August 4, 1997. Historical Data: Interagency Ecological Program.
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FIGURE 7-3
ALTERNATIVE 1A- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR August 19, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-4
ALTERNATIVE 1A- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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- - <) - -Historical Monitoring Data (Mean of Critical Years
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Source: Model Predictions: DWR July 31, 1997. Historical Data: DWR Municipal Water Quality investigations Program.
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FIGURE 7-5
ALTERNATIVE 1A- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR July 31, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-6
ALTERNATIVE 1A- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR July 31.1997. Historical Data: DVVR Municipal Water Quality Investigations Program.
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FIGURE 7-7
ALTERNATIVE 1A- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR July 31, 1997, Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-8
ALTERNATIVE 1A- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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~ource: Model Predictions: DWR July 31, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-9
ALTERNATIVE 1A- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR July 31, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-10
ALTERNATIVE 1C- CONTNA COSTA INTAKE

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR August 4, 1994. Historical Data: Interagency Ecological Program.
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FIGURE 7- 11                                                                                                                                       .’-
ALTERNATIVE lC- CLIFTON COURT FOREBAY                                       ~,

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA)
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Source: Model Predictions: DWR August 4, 1997. Historical Data: lnteragency Ecological Program.
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FIGURE 7-12
ALTERNATIVE lC- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR August 19, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-13
ALTERNATIVE lC-CONTRA COSTA INTAKE

MODEL ASSUMPTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DVVR July 31, 1997. Historical Data: DVVR Municipal Water Quality Investigations Program.
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FIGURE 7-14
ALTERNATIVE 1C- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR July 31, 1997. Historical Data: DVVR Municipal Water Quality Investigations Program.
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FIGURE 7-15
ALTERNATIVE lC- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DVVR July 31, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-16
ALTERNATIVE lC- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR July 31, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-17
ALTERNATIVE 1C- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR July 31, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-18
ALTERNATIVE lC- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR July 31, 1997. Historical Data: DWR Municipal Water QuaIRy Investigations Program.
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FIGURE 7-19
ALTERNATIVE 2B- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MODELING DATA
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Source: Model PPedictions: DWR August 4, 1997. Historical Data: Interagency Ecological Program.
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FIGURE 7-20
ALTERNATIVE 2B- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR August 4, 1997. Historical Data: Interagency Ecological Program.
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FIGURE 7-21
ALTERNATIVE 2B- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR August 19, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-22
ALTERNATIVE 2B- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWR 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR July 31, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-23
ALTERNATIVE 2B- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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1988, 1990, 1991, 1992, 1994)

10

Oct Nov Dec Jan Feb Mar Apr May Jun July Aug Sep

Month

Source: Model Predictions: DWR July 31, 1991. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-24
ALTERNATIVE 2B- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWNSlM 472B) AND HISTORICAL MONITORING DATA

14

~ Model Prediction (VVet Year 1986)

p - - .~- - -Historical Monitoring Data (Wet Year 1995)
12 ""

." ’ ----~P--- Model Prediction (Critical Year 1987)

o-" "" - ~D. - - Historical Monitoring Data (Mean of Critical Years

10.°°"            ¯~,, ....                         1988, 1990, 1991)

6

O.. . oO" o          o " ~ " "O ....... %~’""" """" O" .... """"’~4

~o °

2 "

0 ! ! I I I I              I ! ! ! I

Oct Nov Dec Jan Feb Mar Apr May Jun July Aug Sep

Month

Source: Model Predictions: DWR July 31, 1997. Historical Data: DVVR municipal Water Quality Investigations Program.
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FIGURE 7-25
ALTERNATIVE 2B- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR July 31, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-26
ALTERNATIVE 2B- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSlM 47213 ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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source: Model Predictions: DWR July 31, 1997. Historical Data: DWR Municipal Water Quality Investigations Program.
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FIGURE 7-27
ALTERNATIVE 2B- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR July 31, 1997. Historical Data: DVVR Municipal Water Quality Investigations Program.
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FIGURE 7-28
ALTERNATIVE 2D- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DWR August 4, 1997. Historical Data: Interagency Ecological Program.
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FIGURE 7-29
ALTERNATIVE 2D- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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Source: Model Predictions: DVVR August 4, 1997. Historical Data: Interagency Ecological Program.
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FIGURE 7-30
ALTERNATIVE 2D- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-31
ALTERNATIVE 2D- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-32
ALTERNATIVE 2D- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-33
ALTERNATIVE 2D- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-34
ALTERNATIVE 2D- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-35
ALTERNATIVE 2D- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-36
ALTERNATIVE 2D- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-37
ALTERNATIVE 2E- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-38
ALTERNATIVE 2E- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MODELING DATA
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FIGURE 7-39
ALTERNATIVE 2E- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-40
ALTERNATIVE 2E- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-41
ALTERNATIVE 2E- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-42
ALTERNATIVE 2E- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-43
ALTERNATIVE 2E-CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-44
ALTERNATIVE 2E- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-45
ALTERNATIVE 2E- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-46
ALTERNATIVE 3E- CONT~ COSTA INTAKE

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-47
ALTERNATIVE 3E- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-48
ALTERNATIVE 3E- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-49
ALTERNATIVE 3E- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-50
ALTERNATIVE 3E- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-51
ALTERNATIVE 3E- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-52
ALTERNATIVE 3E- CONTRA COSTA INTAKE

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-53
ALTERNATIVE 3E- CLIFTON COURT FOREBAY

MODEL PREDICTIONS (DWRSIM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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FIGURE 7-54
ALTERNATIVE 3E- NORTH BAY AQUEDUCT

MODEL PREDICTIONS (DWRSlM 472B ASSUMPTIONS) AND HISTORICAL MONITORING DATA
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9.0 Notes 5. Industries have to treat wastewaters to
a level roughly equivalent to
municipal secondary treatment. It is

SECTION 5.0 NOTES defined for individual industries by
the U. S. Environmental Protection

5.2 WATER QUALITY PROGRAM Ager~cy.

1. Monitoring data on metals 6. Montoya et al. 1988.
concentrations in water entering the
Delta from the Sacramento River
indicate that the mass load of metals 5.3 LEVEE SYSTEM INTEGRITY
entering the Delta is considerably 1. Jones and Stokes Associates, Inc.
lower than the estimates of metals 1995.
emissions from abandoned mines.

2. Jones and Stokes Associates, Inc.
2. The characteristics of urban 1995. Table 4-3.

stormwater vary greatly from site-to-
site from storm-to-storm and within 3. Fox et al. 1996.

storms. It is consequently difficult to 4. Jones and Stokes Associates, Inc.
detect small changes in quality 1995. Table C2-1.
attributable to the implementation of 5. Jones and Stokes Associates, Inc.
control measures. 1995. Tables C4-1, 4-2, 4-3.

3. For comparison to existing 6. Fox et al. 1996. Table 29.
conditions, it is assumed that at least
some in-fill construction occurs in 7. Personal communication with Randy
existing developed urban areas which Brown, subj: algal productivity tests.
can take advantage of building best 8. Department of Water Resources
management practices into new MWQI 1986-91, see Table ERP-3.
construction.

9. Interagency Ecological Program.
4. There is little data available on the 1994.

effectiveness of stormwater
10. Delta Atlas DWR. 1995.management strategies although some

data exists on the effectiveness of
individual best management practices.
The potential for improvements in
stormwater quality is greater in areas
yet-to-be built than in already built up
areas. This is because it is easier to
build stormwater controls into new
development than to retrofit existing
urban areas. The estimates of
effectiveness used here take this into
account.
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